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GUIDANCE COMPUTER 
for NASA’S CENTAUR 


this year, CENTAUR will be spaceborne. Already, the projected uses of CENTAUR 
g implications for the future... placing a satellite in an orbit so exacting t 

t over the earth’s surface...soft landings on lunar and 

] satellites from a single vehicle. Several major ; 
JR by a compact digital computer system from Librascop 

2 than *4 cubic foot. A note to Librascope outlining your 


om the country’s most versatile manufacturer of comput: 
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RELIEF 
SECONO STAGE — | 
comuneenan < 
aND CONTROL 
aenees TANF AGE 
Hadley has the engineering capability to convert your fluid control 
STAGING 
COUPLINGS problems to a reliable Flow Control System... from the develop- 
er ment of the original and optimum design specifications to 
VALVES 
the completed project. 
Xu 


As a pioneer in the missile and rocket field, Hadley has 
REGULATORS fostered research and development and has con- 
tributed many new engineering concepts now in use 
Hadley has a record of proven performance with 


| PROPELLANT 


advanced valve and control installations on many 


VALVES 
of today’s operational missile systems 
Hadley has the combination of engineering- 
1 a — oriented management, a design capability which 
_ 7" ve 4 PRESSURIZATION 
ANO CONTR _— _— mes @aast es in ~ 
System has produced many successful components and 


systems and the “know-how” to relate and inte- 


grate the proper components (off-the-shelf hard- 








ware) intoa functioning, reliable, value-engineered 


stem which meets the most demanding military 


Let Hadley engineer your fluid contro! system. Write or 


call today 
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L SYSTEM 
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1427 South Garey Avenue, Pomona, California @ NAtional 9-5075 @ TWX: PMA 9217 b. h. adley inc. 
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in Mercury Control! Center room at Cape Canaveral, designed under supervision of Bell Telephone Laboratorie NASA 
flight controllers make all vital decisions concerning a Mercury mission. Large map displays equipn t statu at 
tracking and communications sites, preferred recovery areas, the position of the capsule and it mmediate impact t 


Bell System manages building of global 
communications network for Mercury spacecraft 


On September 13, National Aeronautics and Space of which is teletypewriter and telephone circuits, ties 
Administration first achieved the orbital flight of an together 17 tracking and instrumentation sites witl 
unmanned Mercury spacecraft, using a new world- the Goddard Space Flight Center in Greenbelt, Md 
wide communications and tracking network and the Cape Canaveral Mercury Control Cente: 
Soon, will come manned orbital flight. As a Mercury capsule orbits over the area covered 


ah . : by each site. the far-reaching communications net 
The Bell System has played a large role in the — . ree ; oc 
: work immediately begins feeding informat 

ceived from the capsule with clockwork precisior 


So fast and efficient is this communications system, 


development of this scientific project. 


Western Electric headed an industrial team, on ) 
which Bell Telephone Laboratories also played an it takes only seconds for data to start flowing 


. . . . . i ys > 4 Gi F o ani . ! 
important part, in building the world-wide network iny site through Goddard t naveral 


of tracking and monitoring stations. The Bell System is proud to have contributed its 
creativity and resources to this vital project and 
This 60,000-mile communications route, the bulk the further advancement of global communications 
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THE COVER 

Successful Oct. 27 takeoff of Saturn C-l 
symbolizes NASA's gathering drive toward 
the moon, subject of this First Annual NASA 
Issue of M/R. Report starts on p. 39. 


—— NOVEMBER 27 HEADLINES 


Chrysler May Build 50 Saturn S-!I Boosters 

Silo Firing Expedites Minuteman Test Wind-up 
Soviets Claim to Have 100-Megaton Missile Warheads 
Shots of Week: Space Probes Fail; Missiles Advance 
Limited Nike-Zeus Production Under Consideration 


— M/R’S FIRST ANNUAL NASA ISSUE................... ‘i 


Webb: Moon Landing May Be Man's Toughest Endeavor 
Dryden: Industry Charged with Achieving Reliability 


PREVIEW OF PROGRESS BY FIELDS OF INTEREST— 


Planning: Spending in ‘60's to Reach $50 Billion 
Spacecraft: Apollo Team to Be Chosen by Mid-1962 
Electronics: Market to Total $5 Billion in 3 years 
Propulsion: Mastery of Hydrogen Vital to Success 
APU's: Auxiliary Power R&D Funding Soars by 88% 
Materials: Trend Toward More Research by Industry 
Space Medicine: Panel to Decide How Funds Are Spent 
Contracting: Up to $4 Billion a Year May Be Awarded 


GUIDE TO SPACE AGENCY INSTALLATIONS— 


Headquarters: Seamans to Run 24,000-Man Lunar Team 
Marshall Will Receive $1 Billion in Fiscal Year 1963 
Apollo Contracts to Flow from New Houston Center 
JPL Speeds Lunar Work, Will Double Expenditures 
Goddard's Funds Tagged Mainly for Unmanned Craft 
Western Ops Awaits Upsurge of West Coast Activity 
Cape's Launch Directorate Due for 500% Money Hike 
Wallops Island to Grow Only Slightly—if at All 

Pacific Range Has Modest Program But Key Role 
Langley Continues as Materials/Structures R&D Leader 
Lewis May Move Away from Its In-House Tradition 
Ames Work on Life Support Systems Intensifies 
Edwards Expected to Get Big Spacecraft Recovery Role 
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How 
deep 


is 
moon 
dust 
Or 
KS 

it 
dust? 


GMS DSD seeks an answer! 


Scientific studies are now under way in GM's Defense 
Systems Division to determine the most efficient configu 
rations for lunar-roving vehicles. Major factors under 
investigation include composition of the lunar surface 
together with the effects of large temperature ranges, 
lunar gravity . . . no atmosphere or humidity. Research 
in our Soils Laboratory on probable lunar conditions has 
led to a number of promising designs. Unusual studies 
like these, unusual facilities and unusually capable men 
present a great challenge and opportunity to scientists 
and engineers who are qualified to make a solid contribu- 
tion at any level. DSD is now, as always, searching for 
new talent in these areas. 

Scientific areas now under study: = Aero-Space Operations = 


Sea Operations = Land Operations « Biological Systems 
= Technical Specialties 


Moon-Roving Concept—This early mode! moon rover utilize 
the principle of the Archimedes screw and is just one of a number 
of vehicle types under study for known lunar conditions 


GENERAL MOTORS 
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YOU ARE HOLDING the largest 
weekly issue ever published by this 


magazine. Its size is indicative of the 
importance of its subject. 
As NASA Administrator James 


Webb points out on p. 40, the National 
Aeronautics and Space Administration 
is engaged in what many people con- 
sider the most ambitious endeavor in 
U.S. history, the effort to land a team 
of American astronauts on the moon 
To achieve this and its other important 
scientific goals, the space agency within 
the next few years will be spending 
an estimated $4 billion annually with 
industry. 

NASA's growth this year has been 
explosive, so explosive that many in the 
industry have found it difficult to keep 
up with the changes. The large-scale 
expansion and reorganization of the 
agency however, of prime impor- 
tance to those who are doing business 
with it—as well as those who hope to 
do business with it. We felt one of the 
most useful tools we could provide for 
the industry we serve was an up-to-date 
guide to NASA. 

During the past two months, the edi- 
tors of MisstLes & RocKETS have been 
touring NASA installations throughout 
the nation. Every NASA center was 
visited, some more than once, some by 
several editors. Detailed information 
was obtained on budgets, facilities, pro- 
grams and procurement practices. The 
need for new equipment and techniques 
was explored with the men closest to the 
programs. You will find in the pages 
that follow not only useful planning 
information but a great many little 
known facts about the space agency 

Did you know 
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—That the Ames Research Center 
uses about 12-million cubic feet of 
helium a year? 

—That every hour Explorer XII is 
in orbit means an hour of data reduc- 
tion for Goddard Space Flight Center? 

—That Langley Research Center 
can trace its involvement in the missile 
field from its 1918 experiments with a 
modified Curtiss-Wright aircraft used as 
a drone? 

—That photographic supplies at 
Lewis Research Center are purchased 
by W. T. Hodges? 

—That the budget at the Flight Re- 
search Center at Edwards AFB is ex- 
pected to double next year? 

—That the cost of launch vehicles 
for Goddard satellites does not come 
out of the Goddard budget but out of 
NASA Headquarters’ money? 

—That Lewis Research Center is 
looking for a commercially available 
alloy which will contain liquid potas- 
sium and sodium? 

These and many other facts about 
the space agency are contained in this 
issue. Every effort has been made to 
fully inform you on NASA programs 
and to help you in doing business with 
an organization that is expected to 
spend some $40 billion with the industry 
in this decade. 

Here is one way to use this guide: 

Study the overall NASA _ budget 
and its programs in the beginning of the 
issue. Then if you are, for example, in 
the electronics field, turn to the section 
on electronics. There you will find a 
rundown of what NASA is doing in 
the electronics field and where. Let us 
say your particular interest is in 
data handling. You will discover that 
there is a major interest in this at the 
Goddard Space Flight Center, as well 
as several other centers. Turn then to 
the individual articles on these centers. 
They will tell you what each center's 
budget is, what its facilities are, where 
its fields of interest lie. Its procurement 
practices and even the names of its pro- 
curement officers are provided. 

We believe you will find this issue 
useful as a reference throughout the 
year. Combined with the extensive 
weekly coverage of NASA in_ the 
months ahead, it will keep you well 
posted on one of the government's 
major purchasing agencies. 

Incidentally, it also is worthy of note 
that with this issue, M/R’s net paid 
circulation passes 35,000—a gain of 
some 5000 since the first of the year 
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low 


for 
equipment to use in your liquid hydrogen work! 


Write us temperature, high vacuum 


® Hydrogen Liquefiers 
® Hydrogen Cryostats 


Valves and Lines 


Liquid Storage and Transport 
® Refrigerators 20°-30° K 


Liquid hydrogen provides an ideal medium for 
research in the range of 20°-30° K. Cryenco 
engineers have pioneered many of the phases of 
work in this area. Today, these men are avail- 
able to you for production of equipment and 
hardware that you need—both standardized and 
custom built. An example of the background of 
these men is the fact that Cryenco engineers have 
worked on all of the major refrigerator-liquefiers 
used for hydrogen bubble chambers in the free 
world. A 2,570 watt, 208 liters/hour hydrogen 
refrigerator-liquefier is now under construction 
in our plant. Hydrogen dewars and cryostats are 
being designed and fabricated from small sizes 
up to railroad tank car capacities. Cryenco men 
are ready to ge W work on your hydrogen equip- 
ment problems—free your physicists and engi- 
neers for fundamental work. Write for standard 
equipment catalog, or send us your specific re- 
quirements for our quotation 


CRYENCO 


Cryogenic Engineering Co. 
230 W. 48th Ave., Denver 16, Colo 
low Temperature, High Vacuum 
Equipment and Engineering 
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BENDIX 
COUNTDOWN 
FOR SPACE 


Knowmanship in Action 


Technical knowledge, management ability, and crafts- 
manship all add up to Eclipse-Pioneer’s space-age Know- 
manship. We pride ourselves on anticipating our cus- 


applying principles of 


PNEUMATIC CONTROLS: 
Hot gas equipment is being 
developed for space control 
subsys $ using rotary and 
linear ation, reaction jet 

and pneumatic computation 
A complete subsystem is now 
being built at E-P under USAF 
contract 


needs—and meeting 
advancements based on specific requirements. The 
manufacture of precise components and total sult 


SELF-ADAPTIVE CONTROL 
SYSTEM: apabie of measur 
ing dynam ensitivit f 
adjusting feedback gain 
tabie fashion without sen 
externa environ 

matically bDiends contr 
aerodynamic surfaces and 
reaction jets. Being developed 


under USAF contract 





them with technical 


+ 


system capability are typical of our creative ability as 
major contributor to the field of space technology 
Knowmanship, we're able 
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SATELLITE CONTROL 
AND STABILIZATION: 
Eclipse-Pioneer has total in 
house capability for producing 
spacecrait tude-control 
system In production 
ADVENT reaction wheels. In 
development: sun-sensor: 


and star tracker 


STAR TRACKER SYSTEM: 
A system incorporating multi 
ple star tracking heads 
designed to operate without 
a protective dome in the er 
vironment of space; digita 
readout accuracy of +5 ar 
seconds 


SPACECRAFT RENDEZ- 
VOUS COMPUTER: Com- 
plete solid-state mechanization 
for analog and digital airborne 
computation of navigation, 
guidance, and attitude-control 
circuitry required at time of 
rendezvous. Digital computa 
tion at 10 megacycle rate. 


aie 


ADVANCED DISPLAYS 
AND CONTROLS: Develop 
ment currently in progress 
Human-factor display studies 
directed toward rendezvous 
re-entry, energy-management 
Electronic and optical devices 
will present correlated data 
with minimum panel space 


LETDOWN, APPROACH, 
LANDING: Sater, more reli- 
able letdown and landing 
systems—such as inertially 
augmented flare and runway 
alignment, computers 
advanced instrumentation 
including real-time displays) 

are now being developed 
flight-tested 


achieve our space mission: research and development 
for tomorrow's intriguing challenges; products for the 
critical needs of today. Write: Teterboro, New Jersey. 


Eclipse-Pioneer Division 


EXPERIENCED MANAGEMENT 
KNOWMANSHIP 


TECHNICAL KNOWLEDGE 
+ SPECIALIZED CRAFTSMANSHIP 
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——letters 


Liquid vs. Solid Costs 


To the Editor: 

The article “Costs Bolster Case for 
Solid Booster” (M/R, Nov. 13, p. 24) 
considers the problem from an obviously 
biased viewpoint. This type of cost com- 
parison ignores a principal advantage of 
the liquid systems over solid systems—the 
potential economy obtained by recovery 
and re-use. 

There can be little doubt that if boost- 
ers are recovered and re-used the hard- 
ware cost will become an_ insignificant 
factor in the basic costing equations, and 
the significant parameter for evaluating 
booster costs in an extensive space program 
will be the cost of propellants. 

Based on present or even extrapolated 
propellent costs of $1.00 per pound for 
solid propellent vs. $0.5 per pound for 
liquid propellants, it is apparent that the 
logical direction for future boosters is 
towards the development of reliable “air- 
line type” recoverable liquid boosters. 


Despite the fact that this conclusion 
has been repeatedly confirmed by several 
investigators, industry effort and govern- 
ment support toward achievement of this 
goal has remained at a comparatively low 
level. 

B. Friedman 
Eastview, Calif. 


Non-Profit Dilemma 


To the Editor: 


I thought your Oct. 16 editorial, 
“Enough of This Non-Profiteering,” was 
well stated. Private industry continues to 
face the dilemma of coping with more and 
more non-competitive government-spon- 
sored organizations which do not face 
evaluation of performance on a competi- 
tive basis. 

Richard H. Olson 
Vice President 
Sunstrand Corporation 
Denver 


To the Editor: 

Who will profit from the non-profits? 
This question is “bugging” industry, the 
military, and government. Even armchair 
pundits are waxing eloquent—not to men- 
tion the sallow-faced curators of the status 
quo who automatically condemn anything 
new. 

Depending on who you are, the non- 
profits are good or they are bad. For in- 
stance, industry believes the non-profits 
will not be able to justify the demand for 
their “specialized” talents, a demand which 
was in fact generated by the Air Force. 
American corporations, particularly the 
giant missile builders, possess at present 
adequate systems management capability. 
Perhaps a supposed preoccupation with 
stockholders, dividends, new contracts and 
gross sales, etc., has given government the 
impression that with industry it’s profits 
first and performance second. Consequently 


10 


the Pentagon, doubting the capability of 
underpaid civil servants and annoyed by 
profit-taking by systems managers, slaps 
wrists by attempting to create a corporate 
utopia; i.e., top-drawer executive talent, 
big salaries, no stockholders, unlimited 
capital resources, and complete isolation 
from the harsh, cold realities of business 
life. From within this test-tube environ- 
ment the non-profits have only to provide 
managerial and technical “advice” to the 
customer, who pay a fixed fee, regard- 
less of what grade information is being 
generated. 

The Air Force, Army, and even NASA 
may profit from heeding their respective 
managerial oracles. After all, many top 
names and recognized authorities have 
been lured into the non-profits, hoping 
perhaps to precipitate a management mil- 
lenium. They will undoubtedly be right 
more often than not. 

The taxpayer, including aforementioned 
pundits and curators, will take another 
financial flogging if only because the non- 
profits are one hundred percent overhead 

The biggest loss to be incurred as a 
result of non-profiititis is that of public 
confidence in the free enterprise system 
which, according to the latest propaganda, 
will catch and over take the largest and 
most “profitable” non-profit organization 
the world has ever known. 

If, in fact, industry has been found 
deficient in producing “state-of-the-art” 
management teams, it should take stock 
immediately and place added emphasis on 
this phase of space systems creation. If 
on the other hand industry is being un- 
justly by-passed by the armed services 
who, goaded by traditional rivalries, are 
trying desperately to “outmanage” each 
other, the Pentagon should step in and 
override this senseless stockpiling of man- 
agement talent and return systems manage- 
ment to private enterprise where it belongs. 

Walter H. Trask 
Santa Clara, Calif. 


To the Editor: 

I always read your editorial, since your 
un-gimballed position, whether one agrees 
with it or not, is at least refreshing. Occa- 
sionally, I find one which is even less in- 
teresting than the self-backslapping adver- 
tisements so profusely displayed in M/R’s 
pages. “Enough of This Non-Profiteering” 
(M/R, Oct. 16), however, was fine, I hope 
your well taken point is equally well taken 
by those in charge. 

Jack F. Cully 
Albuquerque, N.M. 


Trieste Gets Its Data 


To the Editor: 

With much pleasure we have received 
25 copies of your very interesting Annual 
Missile /Space Encyclopedia, and we thank 
you very much for your kindness and 
splendid gesture. 

For your information, we have sent 


copies to 23 of the better students of our 
astronautical course. . Two copies will 
remain in this Center to assist us in our 
studies 

We have received from the following 
persons and organizations many offers of 
pamphlets, technical books and data 

1. NASA’s George C. Marshall Space 
Flight Center (Mr. W. H. Stafford = 
a very important technical note aout 
satellite launchings ) 

2. NASA Headquarters, 
photographs and books 

3. Mr. Donald J. Ritchie, supervisor 
mathematician, vice-chairman of the In- 
stitute of the Aerospace Sciences, sending 
a very nice and interesting booklet on 
design of ballistic rockets. 

4. San Diego Union, asking for a copy 
of the Russian book (from which we 
earlier obtained drawings and data on U.S 
missiles). 

5. Mr. Chester Zeich, ARS member, 
asking information about our course. 

6. Mr. Horace Westbrooks, asking for 
a postal stamp of Italian firing rockets, for 
a philatelist. 

Hoping you are pleased, I thank you 
again very much for your interest in our 
organization. 

Fabio M. Berto 

General Secretary 

Astronautics Sciences and Space 
Technology Diffusion Center 
Trieste 


publications, 


Mr. Berto first wrote M/R (Sept. 4 
issue, p. 52) to ask for help in obtaining 
information on U.S. space programs. He 
said that USIS in Trieste had been unable 
to supply such material. Lowell Bennett 
Director of the Office of Public Informa- 
tion, U.S. Information Agency, wrote a 
letter in reply (M/R, Oct. 23, p. 7) detail 
ing the lectures, films, photos and pam- 
phlets on U.S. space activities that his 
agency had provided in Trieste and else 
where in Italy. We don't know why Mr 
Berte and USIA had their difficulty, but we 
are glad in any case that the Diffusion Cen- 
ter is accumulating more information.—Ed 


Dots and Dashes 


To the Editor 
Mr. J. B. Wilson's letter to the editor 

(M/R, Oct. 30, p. 6) appeared quite 
logical and straightforward until my mental 
arithmetic failed to come up with the same 
answers that he obtained. Initially it ap- 
peared that the ratio for take-off thrust 
to take-off weight in Soviet boosters given 
as 1—3 may have been inverted preventing 
me from taking off. After wondering if 
Mr. Wilson really knew what he was talk- 
ing about it finally dawned that M/R’s 
proof reader had caused the problem by 
replacing the decimal point in 1.3 with a 
dash, 

Robert T. Carr 

Cmdr USN 

Executive Officer 

Naval Space Surveillance System 

Dahlgren, Va. 


(Continued on page 181) 
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He’s solving 
a real estate 
problem 
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visor 





This AMF engineer’s job is deter- 
mining how best to move big missiles 
q 4 off shore for launching. Should they 
# . be floated out horizontally, flooded 
to an upright position, and then 
; : 2. launched? Or, would it be more fea- 
f = , sible to barge them out? Might they 
y a* < be moved to or assembled on “Texas 
£ Towers,” or would a causeway or 

“ £ simply land-fill be the answer? 
\ Behind the project is our shrinking 
y ; real estate at launching sites, plus the 
hazards inherent in launching Sat- 
urn-sized missiles (and the coming, 
nuclear-powered missiles) near other 
installations. Off-shore launching 

may be the answer. 


- 


t. 4 (4 


ning sf Feasibility studies of all types are 
b. ; an AMF specialty. What kind of 
nett remotely controlled machinery is 
required to service nuclear-powered 
aircraft? What kind of habitation 
could be built on (or under) the sur- 
face of the moon? What sort of 
machines (manned and unmanned) 
could survey the moon’s surface 
“ without, for example, falling into a 
: fissure? What is the best way to 
assemble a space station? All these 
are problems AMF engineers are 
. ‘2 presently investigating. 


ma 


If your problem is the first of its 
kind, AMF will not, of course, have 
met it before. But AMF’s long expe- 
rience in accepting totally unique 
challenges gives it an advantage 
. enjoyed by few other organizations 
- concerned with ground support, 
launchability and space environ- 
_ a ment. To get further information 

4 write American Machine & Foundry 
Company, 261 Madison Avenue, 
f New York 16, N. Y. 


= * 
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~ 


Circle No. 59 on Subscriber Service Cord 








i 


a 


‘ 
|: 
4 






“TIME IS THE SCARCEST 
SOURCE ESSENTIAL TO THIS 
COUNTRY’S SPACE EFFORT” 


N.Y. Times, Oct. 8, 1961 






,. 


iC. Welsh /exec.sec. / National Aeronautics and Space Council 


HALLAMORE has smashed the TIME BARRIERS with 


e-proved Hardware...Others talk about design capability. 


Hallamore proves it with products “off the shelf,” 
y NASA programs. Time barriers were 
1 in th ginal-development and production 
in take another licking when you apply space proved Hallamore 
t ur newest challenge. 1. Spaceborne TV for project Centaur 


bserves interior of liquid fuel tanks during flight. 2. Spaceborne 
TV for project Echo...monitors opening of balloon from mount 


al missile stage. 3. Closed Circuit TV for project Saturn 


nit, 
aboard 


explosion-proof camera is part of Hallamore system observing 


blast on test stand and launch pad. 4. S-Band Receiving 





System for JPL Deep Space Instrumentation Facility, DSIF, 


Goldstone... four basic subsystems: Three-channel 
Monopulse Receiver, Ranging RF Equipment, Doppler Extractor and 


Transmitter Exciter. 5. Instrumentation & control System, 
joint project with Bechtel... Liquid 
Hydrogen Engine Test Stand Complex 
and Blockhouse facilities.at 
George C. Marshall Space 
Flight Center. 


HALLAMORE 


Electronics 


e& 


Division 
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The sete orporation Hallamore Electronics Division, 714 N. Brookhurst St., Anaheim, California 








The Countdown 


WASHINGTON 
NASA 10-Year Plan—Revised 


Officials at NASA are putting together a radically up- 
dated version of the old 1960 NASA 10-year plan for 
exploration of space. The plan—scheduled to be ready 
for submission to Congress in January—will take into 
account the great acceleration of the Manned Lunar 
Landing Program that is pushing the expected date of 
reaching the moon up to 1967, instead of the early 1970's. 


Polaris Sub Goal Rising 


The Navy appears to be raising its long-range goal 
for the Polaris fleet. Until recently, the magic number 
has been a total of 45 Polaris submarines. Now the num- 
ber is being tentatively raised to 50. That would give the 
Navy a total of five nine-ship squadrons and possibly five 
additional submarines for NATO. 


Mercury Monkey Shot Readied 


The launching of a monkey-carrying Mercury capsule 
into orbit has been rescheduled for sometime within the 
next week. Some Administration officials are understood 
to have proposed that the shot be skipped and that a 
manned capsule be launched instead. But the proposal 
has been rejected. As a result, the earliest a manned cap- 
sule could be launched is mid-January. February is a 
more likely date. 


Zeus 3-Stage Launch Coming 


The first hot launching of all stages of a Nike-Zeus 
now is expected to take place by the end of the year. 
So far, only two stages of the three-stage antimissile mis- 
sile have been fired in test launchings from Pt. Mugu, 
Calif., and at White Sands. The three-stage launching 
will take place at Pt. Mugu. 


LAW in Production 


LAW antitank missiles are beginning to roll off the 
production line. The Hesse-Eastern missile is the newest 
of the Army’s light, solid-fueled tactical weapons. It is 
expected to be deployed with troops in the near future 


INDUSTRY 
Hercules to Get Polaris A-3 Award? 


COUNTDOWN hears that Hercules Powder’s Allegany 
Ballistic Laboratory has beaten Aerojet-General in the 
competition for the Polaris A-3 second-stage production 
contract. Announcement of the award is imminent. Her- 
cules proposed a glass filament-wound case to help boost 
the range of the bird to 2500 miles 
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Gel Solid Contract Expected 


The Air Force is expected to award a feasibility con- 
tract to Atlantic Research for work on the company’s 
gel solid concept. The contract would be part of the Air 
Force’s expanding interest in solid propulsion. Atlantic 
Research’s gel solid propellant is designed so that it can 
be transported to a launching pad by tank truck and 
poured into motor cases. 


Electronics Shopping List Due 


The Pentagon’s new Defense Supply Agency is ex- 
pected to have a decision by early next year as to what 
electronic components it will buy for all military services. 
A proposed “shopping list” for DSA is being put together 
by a special study group headed by Air Force Maj. Gen. 
Charles Root. The list is scheduled to be submitted to 
the Defense Department about Dec. 1. 


Front Office Intelligence 


Former Navy Assistant Controller Norwood P. Cas- 
sidy has taken over as head of Servonics Inc., Alexandria, 
Va. ... North American’s Space and Information Systems 
Division is adopting the Navy’s computerized PERT 
(Program Evaluation and Review Technique) for all 
major contracted and in-house programs. First use: 
NASA's Saturn S-Il stage. . . . Litton is acquiring Aero 
Service Corp., a $10-million photogrammetric and geo- 
physical survey concern. . . . After losing its second BJOS 
capsule in the Pacific Nov. 18, NASA posted a $25 re- 
ward to anyone finding it washed ashore. The capsule is 
worth $250,000 


INTERNATIONAL 
AS 30 vs. Bullpup (Cont.) 


Backers of France’s AS 30 air-to-surface missile are 
contesting reports (COUNTDOWN, Nov. 6, p. 9) that 
AS 30 appears to have lost out to Bullpup as armament 
for the NATO F-104 fighter. They claim AS 30 compati- 
bility tests are “progressing satisfactorily” with the air- 
craft and no trouble is expected in firing tests to be held 
shortly. Moreover, they say AS 30 has the edge with 
Britain’s RAF, West Germany's Luftwaffe and the French 
Air Force. 


Moving Westward 


An advance space projects group dropped by Hawker 
Siddeley earlier this month may head for America. Dr. 
William Hilton and several members of his team are 
expected to take positions with Hughes Aircraft. 


Rumors from Russia 


There are reports from Moscow that the Russians now 
expect to try a manned circumlunar flight early next 
year—and that they are pushing for a manned landing 
on the moon in 1964. 
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On America’s drawing boards and in the laboratories 

e two, three and five-man spacecraft, space platforms 

d manned lunar craft. The goal is interplanetary flight 

Eventually fetimes may be devoted to a single space 
| r 

But i t conquer near space before he goes afar 

Ready t erve as the trainer for future astronauts 

s NASA’s | t Mercury spacecraft. This compact, 

ne-n vehicle now carrving the first Americans into 

e in astromedical laboratory to test man’s re- 

t ns to this new environment. But the Mercury space 


ivailable and efficient 


aed}: 


schoolroom for future astronautics students making their 
first leaps into space. 


Months of ground training will be necessary for coming 
Then will come trajectory flights to 
experience weightlessness and spacecraft control. Earth- 
orbital flights will acquaint the future astronauts with 
spacecraft control, celestial and ground observation, re- 
entry techniques; artificial atmosphere and other 
environment concepts 


space. explorers 


mastered the “‘one-room s¢chool- 


will the astronaut be ready to 


Only after he has 
house of the space age” 


man a deep space vehicle 


ai y M + Rot aft + Elect y "$s © Automatioa 


MCDONNELL AIRCRAFT « ST. LOUIS 








ol- 
to 





somewhere west of Q@ Centauri... 


The mysteries of spac irces of limitless knowledge defying existing concepts of the 
physical and social scie es 300n to alter man's image of self and the universe 

Intra-galaxial communications, sensing, and processing systems developed by ITT Kellogg support 
the space program's approa the myriad ramifications of present and long range space exploration. 


KELLOGG - communications systems department 
A Division of International Telephone and Telegr pT 
500 Ne rr Pu 2 Re | 


Chicaaq 


Circle No. 77 on Subscriber Service Card 





Me 


high-flying 
component 


Parts molded of J-M Thermomat” meet the 
extreme service demands of the missile age 


Here is a unique new molding com- 
pound in sheet form that offers many 
advantages in rocket and missile ap- 
plications. Cured parts and compo- 
nents molded of J-M Thermomat — 
such as the collar you see here—have 
already proved they can meet the 
most extreme service demands. 

Because these parts withstand 
high temperatures, offer maximum 
resistance to ablation and erosion... 
they are currently being used as an 
erosive flame shield for protecting 
critical guidance and stabilizing 
mechanisms on operational missiles. 

Thermomat’s high strength-to- 
weight ratio is another important 
advantage, permitting rocket weight 
to be reduced and fuel capacity in- 
creased. Thermomat parts also have 
a high modulus of elasticity. 

In sheet form, this non-woven as- 
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bestos-phenolic molding compound 
is unusually conformable and plia- 
ble, making assembly quicker and 
easier. Molders like the way joints 
and seams work together as readily 
as putty ... and the fact that one 
man can handle lay-up, saving hours 
of time. 

Non-fillouts are at an absolute 
minimum, even on complex configu- 
rations. Asbestos fibers are free- 
flowing during molding, resulting in 
a uniformly reinforced part. This 
versatile product lends itself to both 
low and high press molding cycles, 
thus keeping inventory and waste to 


a minimum. Any machining of cured 
Thermomat parts to precision toler- 
ances can be easily accomplished 
with standard metal-working equip- 
ment. 

Thermomat is supplied in sheets 
14” wide .. . approximately 12’ long 
..and \«" thick. Thermomat in other 
dimensions may be supplied on re- 
quest. Molders are invited to write 
for Technical Bulletin TX-10A an 
a generous free sample in orde1 
try this remarkable molding ma- 
terial for themselves. Write Johns- 
Manville, 6ox 359, New York 16, N.Y. 
In Canada: Port Credit, Ont. 


JOHNS-MANVILLE §7¥ 
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Lifeguard station for a 





IN SPACE 


The vital Cape Canaveral nerve center for Project Mercury 





the U.S. program to put a man in space, was designed and built by General 
Dynamics | Electronics. J Display information about flights is fed to the operations 
room from computers and from a world-wide network of tracking and telemetry 
stations. One wall of the 40 by 60 ft. operations room is a large map display, 

visually summarizing all pertinent information about the flight. It shows the 
capsule moving along its orbital flight path around the earth and will also show 

the location, range and status of all ground based equipment and communications 
links. # The operations room contains display consoles presenting information to 
the Flight Director, Chief Flight Surgeon, Capsule Communicator, Flight Dynamics 
Officer and other decision-making personnel = For information on how General 
Dynamics | Electronics can help solve your data/display problems, write to Dept. B-68 
Information Technology Division. General Dynamics | Electronics 


1895 Hancock Street, San Diego 12, California. Telephone CYpress 8-8331 
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Back when satellites started making the headlines, it was 
clear that man in space was next—and that it would take a lot 
of groundwork to develop the capability to put him there. 

That’s why four years ago Lockheed-California antic- 
ipated this need and formed its SpaceCraft Organization - 
the group that has grown into one of today’s specialized 
and knowledgeable man-in-space task forces. 

From the beginning, the Lockheed-California Space- 
Craft Organization has devoted its efforts specifically to the 


ccc: Why Lockheed-California 

ae Seabucoreem oenr(ennarcapies 

space-travel task force 
four years ago 


problems of transporting men from one point to another in 
space. This called for capability in almost every phase of 
space technology—solar physics, geophysics, astrophysics, 
biophysics, and radiation hazards 
ment of space vehicles and manufacturing techniques 
Today, the Lockheed-California SpaceCraft Organiza- 
experienced and ready to under- 
his 
group has already made significant contributions to space- 


as well as the develop- 


tion stands 700-strong 
take important projects of the man-in-space age 
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craft technology such as the original Space Ferry concept, 
SLOMAR/SMART projects, and other major orbital ve- 
hicle concepts. Unique man-in-space manufacturing tech- 
niques of the Lockheed-California SpaceCraft Organization 
include the development of high-strength, lightweight, 
radiation-cooled spacecraft structures. 

For more information about the Lockheed-California 
SpaceCraft Organization, write Mr. Robert A. Bailey, 
Lockheed-California Company, Burbank, California. 
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Precision welding systems... Ai r 


Cryogenic gases... 
Applied research... 











Reduction 
helps to speed 
America’s 
Space 
Programs 


In America’s development of both space vehicle fleets and the new 
defense arsenal Airco’s part is wide ranging, complex, continuing. 
It includes not only the supplying of gases, equipment and know- 
how for the projects noted here, but also many other assignments 

. . such as the development of a life support breathing system 
for astronauts . . . the production of gases 99.998% pure for 
semiconductor crystal growing furnaces . . . the engineering of 
radical equipment for high precision, high speed joining of metals. 
If you design or build spacecraft, rockets, missiles, aircraft, or 
ground support systems... Airco can provide constructive help 


AiR REDUCTION 


1560 EAST 42nd STREET - NEW YORK 17, NEW YORK 
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A Airco’s electron beam 
welder is opening new ave- 
nues of application for the 
exotic metals. These metals 
—columbium, molybdenum, 
tungsten and other refractory 
metals have been hard to weld. 
Now more and more com- 
panies engaged in aerospace 
programs are discovering that 
these unusual metals yield ex- 
cellent fusion welds under the 
high efficiency bombardment 
of the electron beam welder. 


B Airco nitrogen for Cryo- 
genic valve testing. To help 
assure the efficiency of liquid 
oxygen valves for missiles, 
Stewart-Warner utilizes Airco 
liquid nitrogen in its environ- 
mental test chamber. Airco’s 
long experience in environmen- 
tal testing and the high purity 
of Airco products have led to a 
manyfold increase in demand 
for the company’s gases. 


C Reaction-control simula- 
tor developed by Boeing Air- 
plane Company to help provide 
the “‘feel’’ of a space vehicle 
in flight. In this, one of many 
aerospace applications of Airco 
gases, blasts of Airco nitrogen 
from jets slowly pitch, roll and 
yaw the simulator. 


D The mighty Titan. Airco's 
now famous dome welding 
equipment joining the thin alu 
minum “orange peel’’ sections 
of the Titan's fuel tank top. 
Designed and engineered by 
Air Reduction’s Special Prod- 
ucts Department for the Martin 
Company, it is the largest pre 
cision tool installation in the 
United States. 


E 1/20/61 launch of the 
Titan at Patrick AFB, Florida. 
Paneled skin of the first and 
second stages was Airco Heli- 
welded. Similar Airco equip- 
ment is finding broad applica- 
tion in the aerospace field. 





7 


< 


—— 


: atl 


ee, a oe 








ee 











Air Products pioneered in the application as well as 
the production of liquid hydrogen . . . the ultimate 
fuel . . . for missiles and rockets. Examples: the 
test facilities for KIWI, and test facilities for even 
newer missiles. Air Products possesses missile pro- 
pellant system capabilities few others can match. 
If you have a problem in propellant systems, look 
to Air Products first for the answer. 


oten Products. and Chemicals 


inc. 
NEW DIMENSIONS IN GAS TECHNOLOGY 


DEFENSE & SPACE DIVISION: General Office: Allentown, Pa. DISTRICT LOCATIONS: Dayton, Ohio; Washington, D. C.; Los Angeles, Calif.; Orlando, Florida 
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With the successful launching of TIROS III, meteor- 
ologists for the first time will see the total cloud formations 
and measure the radiative energy balance of hurricanes 
which plague the eastern coast of North and Central 
America each year. For TIROS III was launched at this 
time for precisely this purpose. From information gained 
from TIROS III, meteorologists may learn much more 
about the birth and life cycle of tropical storms. 


TIROS Ill DESIGN 

Although the spacecraft configuration is essentially the 
same as the previous two highly reliable TIROS satellites, 
TIROS III has two wide-angle cameras and the National 
Aeronautics and Space Administration has placed new 
omnidirectional IR sensors aboard to measure thermal 
radiation from the earth and sun. 


THIRD OF A FAMOUS FAMILY 

TIROS III is the third of a highly successful series of 
experimental weather satellites which were developed, 
along with the associated ground equipment, for the 
NASA, under contract with the Goddard Space Flight 
Center, by RCA’s Space Center. All of them have 
established ‘‘firsts’’ in the United States’ space program. 
TIROS II established a longevity record for a complex 
satellite. Still operating after nearly eight months and 
over 3300 orbits, TIROS II has transmitted over 34,000 
photographs to the ground. Aside from its impressive 
meteorological achievement, historians may well point to 
this long-term performance as the first to prove that a 
satellite system could operate reliably for so many months 
in @ space environment thus proving the feasibility of 
operational satellites. 





NASA’s Hurricane 


spotting TIROS III 
maintains projects’ 
fine performance 
record 


TIROS I was the first satellite, carrying advanced tele- 
vision equipment, which sent photographs of the earth’s 
cloud cover to meteorologists. From TIROS I’s 23,000 
photographs, meteorologists found that satellites could 
be used for weather observation and analysis. The pic- 
torial information is particularly useful in the two-thirds 
of the world from which few or no weather observations 
are now available 


CONNOTATIONS FOR THE FUTURE 

The TIROS series has proved beyond a doubt that the 
peaceful uses of space will benefit all mankind. Six nations 
participated in the utilization of information from 
TIROS II and more will take advantage of TIROS III. 
RCA is also already at work on the camera systems and 
space power supply for NIMBUS, the next generation of 
meteorological satellites. 


Latest RCA Defense Electronics accomplishment—an 
RCA 110 computer has been procured by NASA from 
RCA Data Systems Division, Van Nuys, California, to 
check out SATURN test vehicle. The most challenging 
opportunities in space electronics are at RCA. Contact 
Employment Manager, RCA Defense Electronics Prod- 
ucts, Camden, N. J. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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“Manned lunar probe” means a successful 
round trip . . . and poses a host of problems. 
Among others, navigation. 

To get to the moon or a planet, move on its 
surface, and return to earth is a full-scale 
systems requirement, calling for the highest 
order of navigation, guidance and control 
sophistication. 

In all phases of space navigation —partic- 


ularly the tougher ones of rendezvous guid 
ance, mid-space station assembly, movement 
over the surface of planets, return vehicle 
remote launch, recovery and landing — the 
Sperry Rand Systems Group offers a maximum 
technological and management capability. 
This capability includes deep space track 
ing radars, rendezvous, orbital and mid-course 
injection nets, space command and control 


centers, attitude control systems, real time 
data processing, and sophisticated recovery 
systems to guide a vehicle through the diffi 
cult final approach, controlling its speed and 
maneuvering it to a precise landing site. Other 
systems include optical communications and 
navigation, pilot displays and controls, auxil 
iary power and automatic checkout. General 
Offices: Great Neck, New York 


SPERRY RAND SYSTEMS GROUP 
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National Aeronautics and Space Administration 


; 


Now is the time to act. to take longer stri les 
neu (merican enterprise fime for this Nat n te 
clearly leading role in space a hievement. I believe that 
nation should commit itself to achieving the goal. before ti 


fy 


decade is out. of landing a man on the moon and 


him safely to earth. 
| it Pre sident 


of the United States 


Mav 25. 196] 
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The nation has committed itself to accelerate greatly the development of space science and technology, 
accepting as a national goal, the achievement of manned lunar landing and return before the end of 
the decade. This space program will require spending many billions of dollars during the next ten years. 


T ‘ 
NASA directs and implements the nation’s research and development efforts in the exploration of space. 
The accelerated national space program calls for the greatest single technological effort our country has thus far 
pace prog g g g 


undertaken. Manned space flight is the most challenging assignment ever given to mankind. 


T a! 
NASA has urgent need for large numbers of scientists and engineers in the fields of aerospace technology 
who hold degrees in physical science, engineering, or other appropriate fields. 


T ‘ 
NASA career opportunities are as unlimited as the scope of our organization. You can be sure to play an 
important role in the United States’ space effort when you join NASA. 


T ‘ 
NASA positions are available for those with degrees and experience in appropriate fields for work in one 


of the following areas: Fluid and Flight Mechanics; Materials and Structures; Propulsion and Power; Data 
Systems; Flight Systems; Measurement and Instrumentation Systems; Experimental Facilities and Equipment; 


Space Sciences; Life Sciences; Project Management 


T ‘ 
NASA invites you to address your inquiry to the Personnel Director of any of 
the following NASA Centers: NASA Manned Spacecraft Center, Hampton, Virginia; 
NASA Goddard Space Flight Center, Greenbelt, Maryland; NASA Marshall Space 
Flight Center, Huntsville, Alabama; NASA Ames Research Center, Mountain View, 
California; NSA Flight Research Center, Edwards, California; NASA Langley Research 
Center, Hampton, Virginia; NASA Wallops Station, Wallops Island, Virginia; NASA 
Lewis Research Center, Cleveland, Ohio; NASA Headquarters, Washington 25, D. ( 
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Chrysler May Build 50 S-I Boosters 


NASA launched its Saturn S-/ 
booster production program last week 
with the award of a multimillion- 
dollar contract to Chrysler Corp. 

The initial contract to Chrysler 
calls for building 20 of the clustered 
1.5-million-Ib.-thrust rockets for more 
than $200 million. 

However, insiders estimate the 
production run may hit 50—running 
up the contract cost. (The cost-plus- 
fixed-fee contract extending through 
1966 is the first in a series of key 
contracts in the Apollo Manned 
Lunar Landing Program detailed on 
page 46 of this special NASA issue. ) 

NASA announced the contract 
award Nov. 17, ending a hot com- 
petition among seven missile/space 
firms. The winning Chrysler proposal 


includes assistance from Aerojet-Gen- 
eral Corp. in static testing of stages. 
Aerojet also will provide launch sup- 
port at Cape Canaveral. 

Other competitors for the big 
prime contract were Boeing, Ling- 
Temco-Vought, Ford Aeronutronic, 
Avco, Northrop and Lockheed. 

The S-I boosters are powered by 
eight Rocketdyne (North American 
Aviation) H-1 engines. The booster 
is 81 ft. high and 22 ft. in diameter. 

The first 10 S-/’s are being fab- 
ricated for testing at NASA’s Mar- 
shall Space Flight Center, Huntsville, 
Ala. These are the prototypes of the 
S-I’s which Chrysler will produce at 
NASA’s huge new plant at Michoud 
Arsenal, 15 miles east of New 
Orleans 


The fabrication plant is currently 
being rehabilitated for Saturn produc- 
tion. NASA is evaluating proposals 
from some 35 companies to select a 
contractor to maintain and service the 
plant. 

The first Saturn S-I unit turned 
out by Chrysler will be shipped to 
Cape Canaveral in early 1964. After 
maximum production is reached, one 
unit per month will be produced. 

The space agency said that some 
Chrysler personnel would be assigned 
to the Michoud plant in the next two 
months. By mid-1962, some 1800 
people would be employed at the 
plant under the contract; peak S-/ 
employment of about 2400 would 
be reached during the first half of 
1963. s 


Firing from Silo Expedites Final Phase of Minuteman Tests 


attack. 


SUCCESSFUL first launching of a 
ICBM from an underground silo this last week opened 
the way for a planned acceleration of the last stages 
of the missile’s test program. 

The Air Force still feels that it has a good chance 
of meeting its schedule of having the first operational 
Minuteman deployed on Montana prairie by mid-1962 

The first 50-missile squadron is expected to be 
deployed at Malmstrom AFB, Mont., by the end of 
1962. A total of 12 squadrons—600 missiles—are 
expected to be deployed by early 1964. 

The successful launching on Nov. 17 
in the Minuteman test series at Cape Canaveral 
Air Force box score to date: 
partial, two failures. 

A geyser of smoke shot with flame poured from 
the silo in the first second after the missile ignited 
below the surface of the ground. 
solid-fueled ICBM roared skyard through the smoke 
and plummeted some 3000 miles down the Atlantic 
Missile Range. 
have a range of 5500 nautical miles. 

Before launching, the Minuteman was suspended 
in the 90-ft.-deep silo on a metal ring hung from the 
walls by metal straps. This arrangement will better 
enable the missile to withstand a near miss in a nuclear 
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Minuieman 


was the fifth 
The 


Three successes, one 


Then the 58-ft., 


The missile when operational will 


The launching was the second attempt at firing 
an untethered missile inside a silo. The first attempt 
last August ended when the second stage of the missile 
ignited prematurely seconds after the missile cleared 
the top of the silo. | 
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Soviets Claim 100-Megaton 
Warheads—Hint at Stockpile 


Russia continued to rattle its 
rockets this week with the boast that 
Soviet missiles are armed with 100- 
megaton warheads 

It was the first time that Russia 
had claimed to have packaged its 
nuclear superbombs in operational 
warheads 

Moreover, the Russians hinted 
broadly that they have a sizable stock- 
pile of the big weapons 

Meantime, a series of other East 
West military developments and dis 
closures took place 

—The British Institute for Stra 
tegic Studies said sharply revised in- 
telligence estimates give the United 
States an edge over the Soviet Union 
in land-based ICBM’s as of early next 
year 

—Secretary of State Dean Rusk 
expressed some doubt as to the wis- 
dom of equipping NATO nations with 
nuclear-tipped missiles at an early 
date 

—Russia disclosed the unification 
of Soviet missile and artillery forces 
under Chief Artillery Marshal Sergei 
Varentsov. Until recently, Marshal 
Kirill S. Moskalenko headed a special 
rocket command. One report 
Moskalenko has been given a lesser 
post in the unified command 


said 


The new boasts of Soviet missile 
might came in a number of statements 
published in celebration of Artillery 
Day 

Col. Gen. V. F. Tolubko scoffed 
at recent U.S. reports that Russia has 
only about 50 operational ICBM’s 
He called such reports “vain 
delusion.” 

In another article, Col. Gen. P. N 
Kuleshov said the Russians “have 
successfully solved the problems of 
destroying various rockets in flight.” 

However, Kuleshov did not say 
whether Russia had developed a 
workable antimissile anti-ICBM sys- 
tem or he merely meant that a Soviet 
tactical missile is capable of intercept 


self- 





ing another tactical missile 

The U.S. Army has already de- | 
monstrated several times the capabil- 
ity of various tactical missiles to inter 
cept other tactical missiles The 
technical problems involved in ICBM 
interception are far more difficult 

The Institute for Strategic Studies 
said a number of reasons have pre 
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vented the Russians from deploying 
a much larger number of ICBM’s by 
now as they originally were expected 
to do. 

One of these is the vulnerability 
of the big Soviet 7-3's and the prob- 
lems associated with base-building 
Another complementary reason is that 
Russia has under development a 
smaller, better and more easily con- 
cealed ICBM powered by a storable 
liquid propellant. 


Shots of the Week 


Failures in the Nov. 18 launches 
of a Ranger II spacecraft and a BIOS 
space probe marred an otherwise 
successful week for U.S. rocketmen. 

The Ranger spacecraft burned up 
in the earth’s atmosphere after it 
failed to achieve its planned deep 
space trajectory. The BIOS capsule 
was lost when it landed far off its 
planned impact point in the Pacific 
Ocean. 

The Air Force, however, success- 
fully fired a Minuteman interconti- 
nental missile from an underground 
launching tube (see opposite page) 
Nov. 17 

The Army sent two Nike-Zeus 
antimissile missiles on successful long 
range tests Nov. 17 and Nov. 21 
Ihe launches from the Pacific Missile 
Range involved the first two stages of 
the 48-ft., three-stage rocket. For the 
first time, the missile used a Thiokol 
second stage 


Circle No. 16 on 


The Army also chalked up three 
other successes including: — Two 
launches of Nike-Zeus from the 
White Sands Missile Range. In the 
first test, the missile radar tracked a 
special test target and the ground 
electronics of the missile defense sys- 
tem successfully controlled a Zeus 
missile in flight. In the second, the 
missile was fired from an operational- 
type underground silo, then maneuv- 
ered in flight in response to control 
commands from its ground guidance 
center. 

A US. Army Pershing missile 
was also successfully launched from 
Cape Canaveral. 

The Ranger shot was beset with 
the same problem which hit Ranger /. 
The Agena B second stage again 
failed to refire, thus failing to send 
the spacecraft into a deep space tra- 
jectory planned as planned. 

The spacecraft separated from 
the Agena and burned up in the 
earth’s atmosphere following its sixth 
orbit. Officials said the failure might 
delay the launch of Ranger 1/1, which 
is designed to rough-land on the 
moon. That shot had been scheduled 
for early 1962. 

The BIOS I capsule—designed 
to determine the effects of the Van 
Allen radiation belts on living matter 
—was launched successfully into the 
Pacific Missile Range. The 85-Ib 
capsule parachuted into the sea far 
off course and was lost—as was B/JOS 
/ on Nov. 15. 
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EARTH SCIENCES AT DRESSER ELECTRONICS, 


NATURALLY! 


Since 1945 Dresser Electronics has been solving instrumentation 
problems associated with earth probes—first to find oil traps 
for petroleum geophysicists, now also to provide immediate answers to 
vital defense and security problems. A sample of present contracts— 


for: U.S. GEOLOGICAL SURVEY (Major Crustal Studies Project)—Long-Range 
Recording Systems for VELA UNIFORM program 
DEPT. OF DEFENSE (Civil Defense)—an Automatic Radiation Moni- 
toring System. 
USAF (ARPA)—development and prototype of Unmanned Seismic 
Station. 


US ARMY (Signal Supply Agency)—instruments and field studies rel- 
evant to seismic techniques for Missile Impact Location. 


USAF (Systems Command/ Hanscom Field)—-development of VLF Elec 
tronic Seismometer with possible lunar probe application. 


Dresser/SIE systems engineering is also at work in other projects 
throughout military, industrial and defense areas. 


The unique approach of this systems-oriented company may solve your problem. 





DRESSER ELECTRONICS 


| SIE) DIVISION ONE OF THE DRESSER iINOUSTRIES 


10201 Westheimer, Houston 42. Texas 
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TRAAC Opens Doors 

The orbiting of the Navy's 
TRAAC appears to have opened the 
way for improvement of the nation’s 
surveillance and early warning satel- 
lites. 

The TRAAC satellite—launched 
into orbit on Transit 1V-B on Nov. 
15—employs the earth’s gravitational 
field for stabilization. 

Though the announced applica- 
tion of this new probe was for the 
Navy’s Transit navigational satellite 
program, a more important applica- 
tion is evident. The satellite could 
become the forerunner for improved 
stabilization techniques for many ol 
this country’s observation-type satel- 
including Tiros, Samos, and 





lites, 
Midas. 

The Navy’s proposed Yo-Yo re- 
connaissance satelloid program might 
also benefit. 

TRAAC, which stands for Transit 
Research and Attitude Control, was 
carried into orbit by Transit 1V-B 
piggyback fashion. The major ad- 
vantages of an earth-oriented vehicle 
for the Transit series involve im 
proved transmitted signal reception 
and reduced power requirements 

Gravitational stabilization in the 


new system is maintained through 
purely passive means This cuts 
weight requirements considerably 


over methods employing mechanical 
sensors and scanners. 

The satellite is a 
shaped affair which attains 
north/south — stabilization through 
magnetic devices. Navy and API 
scientists figure this initial stabiliza 
tion takes about eight days 

At this point, a ground signal 
triggers a device in the satellite which 
releases a weight and rod arrange 
ment from within the boom housing 
on the satellite. The shift in weight 
and mass distribution creates a dumb 
bell shape for TRAAC, with the 
heavier end moving into a slightly 
slower orbit and closer to the earth 
rhis, in essence, is the concept which 
keeps the same surface of the moon 
facing us. A lightweight spring is at 
tached between both ends of the satel 
lite for damping purposes. 

Instrumentation for this gravity 
gradient stabilization experiment in- 
cludes solar and magnetic attitude dc 
tectors and spin rate detectors. These 


door-knob- 
initial 
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SEPARATION of Navy's Transit satellite (left) from piggyback TRAAC satellite took 


place at 500 mi. altitude Nov 
devices determine satellite attitude 
with respect to the sun, the earth's 
magnetic field, and the earth’s gravita- 
tional field. Telemetering equipment 
is also aboard. 

In addition to its primary mission, 
!'RAAC is supplying data on particle 


detection experiments of the inner doubt last week due to a malfunction 
Van Allen radiation belt. in the command-receiver system 
Circle No. 17 on Subscriber Service Card 29 


15 as shown in this artist's conception 


[hese experiments include probes 
to study the number density of pro- 
tons, search for trapped particies 
heavier than protons, and investigate 
the cosmic-ray neutron albedo theory 
of the belt’s origin 

Success of the experiment was in 


























ENGINEERS—JOIN FORCES TO 
INCREASE OUR ELECTRONIC WARFARE LEAD 
Hallicrafters QRC facility, developed in closest cooper - 
ation with the Air Force, offers unusual challenges for 
accomplishment and growth opportunity 

Located in Chicago—dynamic center of electronics, 
cultural, recreation and educational activities. You will 
enjoy the finest living in America. Send résumé in 
confidence to Bill Kelly, Director of Engineering Place- 
ment, Military Electronics Division, The Hallicrafters 
Company, 4401 West Fifth Avenue, Chicago 24, lilinois 


FOR COMPLETE DETAILS ON QRC*, CONTACT: 


30 


... that will be obsolete before it is operational, 
thanks to an accelerated R & D technique 
called QRC*. In a maximum of nine months, 





Hallicrafters QRC* counters a technological 
advance by a potential enemy before it can 
become a tactical threat. To maintain our 
Electronic Warfare Lead, more of this type of 
accelerated action is required every day. Look 
to Hallicrafters QRC* when the need is urgent. 





*Quick Reaction Capability 


Urgent problems are solved 


“ss = @® hallicrafters 


James Rothrock 
3725 N. Military Rd 
Arlington 7, Virginia 
525-7223 


Chariton E. Davis 
Lowell Road 

Concord, Massachusetts 
EMerson 9-2833 
EMerson 9-5891 


George Soderquist 
328 New Haven Ave 
Melbourne, Florida 


PA 3-9336 


Tom Fenske 
Box 2255 


Kettering Branch 
Dayton 29, Ohio 


222-6172 


W. Ray Self 
912 Bob Wallace Ave., S.W 


Huntsville, Alabama 
JE 6-5412 PErshing 7-2456 


Gerald Blanton 
7558 S. EF. 15th Str 


klahoma City Kiahoma 


James R. Spencer 
Box 435 513 E. Manchester Bivd 
Lincroft, New Jersey Suite l 
SHadyside 7-2369 glewood, Califor 

1 Bank, NJ Rchard 2-68¢ 
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Tiros 11 One Year Old 


NASA's Tiros Il meteorological 
satellite passed a new milestone last 
week with’ the completion of its 
§354th orbit, ending one year of suc- 
cessful operation. 

The space agency said that the 
satellite has now been in orbit a total 
of 8760 hours—during which it has 
transmitted more than 35,000 pho- 
tographs of the earth’s cloud cover 
and billions of bits of infrared data 
for measuring the earth’s heat bal- 
ance. 


NASA Recruiting Drive 


NASA has announced that its per- 
sonnel recruiting teams will visit nine 
U.S. cities in late November and 
December. 

The space agency said that the 
teams—attempting to fill 2000 scien 
tific and engineering positions—will 
spend about three days in each of the 
cities in the eastern and western sec- 
tions of the nation. 

The western schedule includes 
Los Angeles, Nov. 27; San Diego, 
Dec. 1; San Francisco, Dec. 5; and 
Seattle, Dec. 9. 

The eastern team will visit Cin- 
cinnati, Nov. 27; Pittsburgh, Dec. 1; 
Philadelphia, Dec. 7; Washington, 
Dec. 12; and Baltimore, December 
15. 


Douglas Plans Expansion 

The Missile and Space Systems 
Division of Douglas Aircraft Co. is 
studying plans for plant and research 
expansion which may total $50 mil 
lion over the next 10 years. 

Charles R. Able, division vice 
president and general manager, said 
that the plans cover requirements for 
engineering, administrative, test and 
laboratory, basic research, and manu- 
facturing facilities through 1971. 

Construction of a $3-million space 
chamber will begin in the near future 

Able estimated that manpower 
needs of the Division—located in 
Santa Monica, Calif.—will grow from 
the present 17,000 persons to 25,000 
by 1971. 


Radioisotopic Capsule Tests 


Effects of extremely high tempera- 
tures on radioisotopic fuel capsules 
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Plastic-Wrapped Space Simulator 


BENDIX CORP'S environmental chambe; 


seen here undergoing final checkout, will he 


used to test full-sized satellites and space capsules. The 20 by 27 ft. unit is part of « 


new Bendix $10 million space lab at Ann 


designed to provide power for space 
vehicles will be tested next month by 
the Air Force Special Weapons Cen- 
ter 

Four tests, with General Dyna- 





4 rhe ” 


Mi h 


mics/ Astronautics participating, will 
be held at the Atomic Energy Com- 
mission’s Nevada Test Site. 

They will provide data on the 
capability of radioisotopic fuel cap- 
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sules to remain intact when exposed 
to fire, and will permit study of the 
behavior of nuclear material which 
might be released into the atmosphere 
in the event a capsule melts. 


Limited Nike-Zeus Production 
Considered by Administration 

The Kennedy Administration is 
considering a revised plan to include 
a limited production program for 
Nike-Zeus in the FY °63 defense 
budget. 

The program would enable the 
Army to begin production work on 
the big Western Electric antimissile 
missile next summer if it is proved 
out in the coming final tests earlier 
in the year. 

Some sources report that Defense 
Secretary Robert S. McNamara has 
already approved inclusion of the 
program in the budget and that only 
White House approval is now needed. 

The program would enable the 
Army to begin deploying about 12 
batteries of Zeus missiles toward the 
end of 1965. The batteries would be 
located around the country to defend 


a number of key metropolitan areas 
Full Zeus batteries are expected to 
have 20 to 30 missiles. 

Che initial outlay for production 
in the FY ‘63 budget is expected to 
be about $150 million to $200 mil- 
lion. The budget also will include 
about $200 million for continued 
R&D. Total cost of the limited pro- 
duction program would run well over 
$1 billion. Total cost of the full pro- 
gram previously proposed by the 
Army would be about $8 billion 

The limited program—an expan- 
sion of the one proposed last year 
by the Army—would be designed so 
that it could be greatly stepped up 
The Administration, by waiting to put 
the money in the FY °63 budget, also 
would leave itself the option to kill 
production before it even started 


High-Temperature Resonators 
By Electrolysis of Quartz 
Treated quartz resonators for use 
in high-temperature environments are 
now possible through a Bell Tele- 
phone Lab development in quartz 
electrolysis. The process sweeps out 
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SAVE TIME 
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impurities and the quartz retains its 
ability to vibrate with little energy 
dissipation even when used at 550 ¢ 
Depending on the angle of cut, proc- 
essed quartz exhibits turn-over points 
at temperature from 300° to 535°C 
At these high temperatures there is a 
constant annealing out of ionization 
effects which makes the crystals ideal 
for applications in the Van Allen 
Belts 


Nuclear Work Shifts to Lewis 

NASA is consolidating its nucleai 
electric propulsion program at the 
Lewis Research Center in Cleveland 

As a result, current research work 
in this area at the Marshall Space 
Flight Center will be transferred to 
Lewis. 

The transfer, however, will not af 
fect the RIFT program, which will 
flight-test nuclear rockets as upper 
stages of large chemical boosters 

That program will remain at Mar- 
shall under the direction of Dr. Ernst 
Stuhlinger, director of the Research 
Products Division 
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HI-VOLUME AIR SAMPLERS 


Originally designed by the Atomic Energy Commission to 
measure radio-active fallout, STAPLEX HI-VOLUME Air Samplers 
are now used ail over the world to quickly and easily test 
volumes of air for contamination. 

STAPLEX HI-VOLUME Air Samplers are used to gather the 
extremely variable statistics so necessary to efficiently 
evaluate and eliminate the pollutant factors in all air borne 
particulate matter. 

Increased industrial production, fabrication of new metals 
such as beryllium, the presence of smog, radioactive fallout, 
the advent of the “White Room,” government and city health 
agency regulations, insurance requirements—in all these areas 
and many more, STAPLEX HI-VOLUME Air Samplers are a must. 


FREE—Send for complete details & highly informative folder now 


The -Staplex Company AIR SAMPLER DIVISION 
782 FIFTH AVENUE, BROOKLYN 32, N.Y. 
World's Largest Manufacturers of High Volume Air Samplers 
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Heretofore a flexible shaft was designed as a special 


unit requiring costly, time-consuming engineering. 


CIRCLE ESS STANDARD FLEXIBLE SHAFT ASSEMBLIES 
are versatile enough to fill the demands of many 
different applications and yet offer the advantages of 
economy in time and money. 


They are composed of stock components, the finest 
steel cable, vinyl covered steel casings and cadmium 
plated coupling type steel end fittings. 


Send for our new bulletin. Learn about this 


new economical way of buying flexible shafts. 


E W. STEWART COS 
} RAVENSWOOD AVENUE CHICAGO 13. ILL CD 
a7 


WEST COAST PLANT 2404 Se Grand Aw 10S anGeert ’ Caiwoewmas 
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LOOK AT IT THIS WAY. # # because this is the way you'll see 


it from now on. It's the new, bold look at Fairchild Stratos, where many of the country’s most 
creative and inventive minds now work together on major programs. In what areas? Aerospace 
technology, precision mechanical equipment, sophisticated electronic systems...and beyond. 
There's new energy...new enthusiasm...new dedication to the research and development require- 
ments of our nation. Write us at Hagerstown, Maryland, for details on our expanded space-age 
capabilities. There’s more to Fairchild Stratos than meets the eye. 


FAIRCHILD @sTRATOS 
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For over fifty years... 


Quality Products for Defense and Industry 


Since the pioneering flights of the Training Equipment @ Fiight and tactics Special Radar @ X-band and C-band radar. 
Wright Brothers and Glenn H. Curtiss. trainers, simulators for military weapons 
~ . . . : anes systems and all types of military and 
Curtiss-Wright products have paced commercia! aircraft; radar simulators, aystems and equipment, OstectoTemed 
the progress of flight into aerospace, radar maintenance trainers and aircraft saad ‘Gicentetanan® 0s eatieehansinn tame. 
and have contributed to other prog- engine trainers. Special purpose analog/- perature indicating paints aad anne 
ress vital to defense and industry. digital computers. ) 
Today, the Divisions of the Curtiss- Electronic Components @ Relays, delay 


; ‘ ace antte / lines, solenoids, connectors, stepping 
Wright Corporation are actively motors, counters, digital modules, timers Prepetiers @ Fiberglass 


engaged in the development, manufac- for VTOL applications, h 
ture, and sales of the following Electronic tactruments @ Peak reading propellers for conventional aircraft 
products: voltmeters, transistor test equipment, 
photographic programmers and interval- Mechanical Power Transmission @ Gear- 
Propulsion @ Reciprocating engines, jet ometers. boxes, transmission shafting, actuat 
engines and components for variable 
thrust rocket engines. Active development Ground Support Equipment g Automatic 
programs in advanced engines include checkout and related ground support 
throttleable and pulse rocket engines for equipment for missiles and aircraft 
space attitude contro! and propulsion, 
Rotating Combustion Engines Wipers @ Windshield wipers for military 
Missile Components g Major compo- and commercial aircraft 
nents include rocket motor casings and 
rocket nozzles Metal Products @ Extruded missile rails Ci RTISS= WRIGHT 
precision forgings, steel castings, and 
Control Systems @ Mechanical control custom extrusions for aerospace applica 
and actuation systems for aircraft, mis- tions. Aircraft and stationary turbine 
siles, and space vehicles engine blades 


Test Equipment @ U/trason nspection 


X-ray and isotope radiography nstru- 
ments for nuclear reactor 


Industrial Tools g Swench® manual! im- 
pact wrench, Grasso pneumat tools. 


Wood Ridge New Jer ey 
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mass flow—all at 1500 psia pressure. An extension of the de- 
velopment program provides for pressures from 20 psia to 
3,000 psia with increased efficiency. Built-in shielding elimi- 
nates any external magnetic effects. 

You are invited to use the capabilities at Westinghouse to help 
solve your aerospace facility problems. Contact your local 
Westinghouse sales engineer, or write: 
Westinghouse Electric Corporation, P. O. 
Box 868, Pittsburgh 30, Pennsylvania 
if it's Westinghouse. 


You can be sure 





For system data, please see back page. 



















ULTRA-CLEAN HEAT: 
12,900 R 
| 6,000 BIU/LB. 

100 ATMOSPHERES 
600 SECONDS 





State-of-the-Art Report from Westinghouse: 





Westinghouse 
system concept 
- assures 
compatibility 
of arc heater 
| with expertly 
selected power 
components. 


Westinghouse 












































A typical DC system utilizes modular silicon rectifiers (4) fed from balanced 

wer transformers (3) varied by the load tap-changer (2). Switching and 
solation of the system is done with the metalclad breaker (1). Ballast (5), 
consisting of matched reactor and resistor stabilizes the arc. Safe, precise, 
accurate control stations (6) (7) (8) (13) provide automatic sequencing 
with manual over-ride. Trouble-free, long-life operation of the Arc Heater 
and nozzle (12) is insured by the closed-loop cooling system (9) (10) (11) 

Increased efficiency and lower initial cost for power is apparent when a 
three phase AC arrangement (A) (B) (C), is substituted for (1) (2) (3) (4) (5). 
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A typical DC system utilizes modular silicon rectifiers (4) fed from balance 
power transformers (3) varied by the load tap-changer (2). Switching ar 

isolation of the system is done with the metalclad breaker (1). Ballast (5) 
consisting of matched reactor and resistor stabilizes the arc. Safe, precise 


accurate control stations (6) (7) (8) (13) provide automatic sequencing 
with manual over-ride. Trouble-free, long-life operation of the Arc Heater 


and nozzle (12) is insured by the closed-loop cooling system (9) (10) (11) 
Increased efficiency and lower initial cost for power is apparent when 
three phase AC arrangement (A) (B) (C), is substituted for (1) (2) (3) (4) (5) 
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Mobilizing for the Moon—NASA’s Big Plan 


AFTER MONTHS of deliberation the plan of attack 
is ready: How the National Aeronautics and Space 
Administration intends to mobilize the Missile 

Space Industry for manned exploration of the 
moon. Here, in its premier annual NASA issue, M/R 
presents the first truly comprehensive report on 
how the mobilization plan is to be executed. Begin- 


ning on page 46, you will find an industry guide to all 
the key programs and critical hurdles involved in 
the multibillion-dollar undertaking. Further on there 
are reports on contracting and each one of the 13 
NASA installations across the nation—how they are 
organized and the important roles they will play in 
the total space program over the next eight years. 































































os this decade is out, the United States plans to land 
a scientist-astronaut team on the moon. 

The lunar landing, a national goal recommended by 
President Kennedy and endorsed by Congress this year, is 
the most difficult and dramatic of the missions assigned 
to the National Aeronautics and Space Administration. 
Some people believe it is the most ambitious endeavor in 
the history of mankind. 

@ Other objectives—NASA has accelerated its program 
to achieve other important national goals in space: 

—Establishment of a global system of communication 
satellites, so that greatly expanded telephone, telegraph, 
data communication channels, and — eventually — ocean- 
spanning TV will be available to our country and the world. 

—Creation of a worldwide operational network of 
weather satellites, to enable meteorologists to observe and 
predict the weather—and to make a start in the direction of 
controlling it. 

— Broad-scale, rapid advancement of scientific knowledge 
of space, the moon and planets, the earth’s atmosphere, 
and the fields and particles that surround it, as well as 
aerospace medicine to provide for the safety of the men 
who will travel through the solar system. 

—Rapid improvement in space technology, including 
application of nuclear energy to propulsion and generation 
of electrical power. 

—Prompt feedback of space technology into our econ- 
omy, to make certain of maximum benefits to the American 
people through economic growth and industrial progress. 

e Motivation—There are many practical, technological, 
and scientific reasons why the United States is exerting 
great efforts toward accomplishing the Nation’s goals in 
space. Perhaps I need not list them for readers of MISSILES 
AND Rockets. Still, I believe that some of the basic con- 
siderations that motivated the Nation’s decision bear restating. 

First, by achieving a pre-eminent position in space, we 
insure that the over-all technology which the Russians de- 
rive from exploring the universe will not be used against 
us. If we should allow them to surpass us, they would use 
their superiority to apply heavy pressure on us and the 
other nations of the Free World. 

Second, the stimulus and the knowledge that are devel- 
oping as we carry forward our broad programs in space 
will return practical dividends in the form of new products 
and techniques of great value to industry, the professions, 
and everyday life. 

Third, exploring space is of immense scientific im- 
portance. The moon, for example, may hold the answers 
to such questions as how the solar system was created, 
where life began, and how planets develop and change. It 
is, as always, impossible to predict what use will be made 
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The Moon: America’s 
Most Difficult Endeavor 


NASA Administrator Wehb 





of the scientific knowledge. But history has repeatedly shown 
that the results of investigations in basic science are used 
eventually for man’s betterment. 

e National scope—No single organization has all the re- 
sources and skills necessary for attaining our goals in space 
Ihe space program is, and must continue to be, national in 
scope. Therefore, NASA cooperates with, and depends on, 
many other Government agencies—the Department of De- 
fense, the Atomic Energy Commission, the Weather Bureau, 
the Federal Communications Commission, the Federal 
Aviation Agency, the National Science Foundation, the 
National Academy of Sciences, and others. 

To assure maximum progress, NASA utilizes industrial 
contractors to the greatest extent possible. Eighty cents of 
every dollar NASA spends goes for contracts with industry 
and private organizations, for materials, supplies, salaries, 
research, development, and for other services. 

In order to supervise contractors’ work effectively, we 
must understand and follow it in every phase from start 
to completion. This requires a competent NASA in-house 
staff. As the size of the task assigned to contractors grows, 
additional in-house staff will have to be added to efficiently 
manage the program. 

e Self-sacrifice—-Some of the Nation’s best qualified 
men in aerospace science and technology, men who have 
made important contributions to the national position by 
their work in our universities and industry, have accepted 
leading roles with NASA. They bring into the effort the 
highest personal, professional, and managerial qualifica- 
tions. These men, and many others associated with them, 
have demonstrated personal earning capacities far beyond 
what the Government is able to pay for their services. 

It is fortunate for this Nation that men with such high 
qualifications and experience are willing to forego large 
earnings and normal personal and family life to supply the 
leadership needed in our national space effort. 

e ‘Prompt decisions—The past months have been a 
time of many decisions in the U.S. space program. I need 
not recount for the readers of MISSILES AND ROCKETS the 
actions by the President and Congress, the selection of sites 
for launching and testing large rockets and spacecraft that 
will be required, the enhancement of existing programs, the 
awarding of major contracts, and the reorganization of 
NASA that have taken place. 

By making decisions promptly, we have been able to 
get moving at high speed toward the accomplishment of 
our national goals in space. We will continue to make 


prompt decisions. 
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Deputy Administrator Dryden 


PROGRAM designed to land a man on the moon 
and bring him back safely in this decade is perhaps the 
most difficult single task that this nation has ever undertaken. 
It will require personnel and facilities of not one, but 
several government agencies—including the Defense Depart- 
ment, the Atomic Energy Commission, the Department of 
Commerce and the National Aeronautics and Space Ad- 
ministration. 

College and university laboratories will be called upon 
to support basic research activity and supply the country 
with increasing numbers of qualified scientists and engineers. 

Industry will design and fabricate the boosters, space 
vehicles, launch faciiities and worldwide tracking stations 
for the many different types of space missions. Industrial 
management and scientific teams will be asked to furnish 
the know-how that is required to solve the multitude of 
problems facing us in the space age. 


e Prime requirements—The most immediate problem is 
the development of reliable launch vehicles and spacecraft 
capable of performing sustained manned space flight mis- 
sions. 

Beyond this a life support system to provide a suitable 
environment for periods of several weeks is required. 
Radiation shielding is needed to give sufficient protection 
during passage to and from the moon as well as on the 
lunar surface. 


Another requirement is a navigation system which will 
give position fixes, and which will compute the amount and 
direction of thrust for course corrections when required. 
An attitude stabilization system to be used throughout the 
flight is also needed to permit orientation of the spacecraft 
for thrust control as well as for lunar landing and reentry 
through the atmosphere. And of course communications 
will be required for all phases of the flight 


@ Industry’s duty —In meeting the problems directly 
connected with the Nation's accelerated space program, in- 
dustry must also assume special responsibilities. One of the 
most important is to strive for reliability of all parts of a 
complex system no matter how small or seemingly un- 
important. Failure of one small part can mean complete 
failure of an important and costly mission. Another im- 
portant industry responsibility is to work with universities 
in order to provide for the education of greatly increased 
numbers of scientists, engineers and technicians for roles 
in space exploration, and for other major technological 
developments of future importance to this country. 

The space age challenge to industry, however, is not 
only to mobilize its forces for a direct attack on the prob- 
lems involved in manned space flight, but to look for and 


Industry’s Toughest 
= Assignment: Make it Work 


develop the new consumer goods and industrial processes 
that are certain to evolve from this program for the benefit 
of all mankind. 


e The bigger dividends—History abounds with examples 
of the manner in which man’s striving toward difficult 
technical goals has brought on vast, unforeseeable dividends. 

Development of the automobile, for example, brought 
us the concept of simplification for the operator through 
complication of design, a concept now widely applied in 
the operation of a modern steel mill or oil refinery and in 
such modern consumer products as automatic washers and 
ovens, where automatic controls program the entire opera- 
tion. The automobile is largely responsible for the develop- 
ment of alloy steels, new fuels, synthetic rubber, quick-drying 
finishes, and other new materials. 

Similarly the air age brought about the use of aluminum 
for building lightweight structures, not only for airplanes 
but for trains, buses and ships. The nuclear age brought 
applications of isotopes in medicine and in the inspection 
of materials. Nuclear developments brought remote mani- 
pulators and sealed pumps for hazardous liquids and gases. 

The forward movement of space technology, with its 
many ramifications in our industrial life, will stimulate our 
economy just as these other great technological develop- 
ments have done in the past. 

A multitude of space-related products have been devel- 
oped in the United States. Miniature electronic parts devised 
to save weight in rockets and their payloads are now being 
used in tiny hearing aids, medical equipment, midget radios 
and portable TV sets, and in a host of other products. 

Into other consumer goods are going new materials, 
alloys, plastics, fabrics, and compounds of many kinds 
originally created to do space jobs. In fact, the space 
program is drawing upon and stimulating virtually the 
entire industrial spectrum—electronics, metals, fuels, cera- 
mics, machinery, instruments, and textiles. 

There is great potential in communications satellites, 
meteorological satellites and navigation satellites, all under 
development. 

While the technological developments offer the earliest 
contributions to the economic development, in the long run 
the contributions from the scientific knowledge obtained in 
the great unknown environment of interplanetary space 
may bring much greater returns, perhaps far beyond what 


man at this time could possibly envision. 
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A TYPE OF THE LOCKHEED AGENA SATELLITE IN ORBIT 


CONTROL DATA 1604: KEY TO SATELLITE CONTROL 


In the control, tracking, and orbital prediction of satel- 
lites, a precise balance between men and machines is of 
critical importance. During countdown, to the time the 
satellite climbs to escape velocity, enters, and then pro- 
gresses in its orbital path, both the vehicle and tracking 


networks girdling the earth are under absolute control 


To aid our space technology in all phases of this critical 
work is one of the tasks of Control Data 1604 Computers 
at the Lockheed Missiles and Space Company. Control- 
ling the satellite and tracking network to form a closed 


loop between payload and earth, 1604’s continually 


COMPUTER DIVISION 





“read”’ volumes of data picked off by far-flung radar 
stations. And from time to time, they also “predict” 
future orbital paths the vehicle may take. Finally, for 
thorough analysis of an entire mission, 1604's process 


the quantities of data collected 


Handling computer programs of 50,000 words, the speed 
necessary to operate in “real time,” and the reliability 
to“*stay on the air” over extended periods of time are but 
a few of the 1604 Computer capabilities essential in the 


control of a satellite and tracking network. ..capabilities 


being used today to aid man in his exploration of space. 
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SCOTCH® BRAND MAGNETIC INSTRUMENTATION TAPES 
OFFER A RIGHT TAPE FOR EVERY APPLICATION 


Knowledgeable tape users realize that magnetic tapes are 
not all alike—that it takes specific constructions to meet 
the needs of specific applications. And they’ve learned to 
rely on ““Scotcn”’ BRAND to supply the one right tape for 
each application. Not only does “Scorcn” BRAND offer a 
complete line, it offers that something extra that makes all 
the difference in performance—the uniformity and reli- 
ability that result from 3M’s experience, technical skill, 
and continuing research. Make the “Scotcn” BRAND label 
your guide in buying instrumentation tapes. Your 3M 
Representative is close at hand in all major cities—a con- 
venient source of supply and information. For details, 
consult him or write Magnetic Products Division, 3M Co., 


St. Paul 6, Minnesota. © 1961, 3M Company 


Magnetic Products Division 3M 


The wide “ScoTcu” BRAND line provides many tapes, including these 
broad classifications: 

SANDWICH TAPES 488 and 489—exclusive with “ScoTCH” BRAND, of 
fering 30 times the wear of standard tapes, drastic reductions in head 
wear, elimination of oxide rub-off. In standard or extra-play lengths. 
HIGH RESOLUTION TAPES 458 and 459—offering superior resolution in 
high frequencies, greater pulse density in digital recording. In stand 
ard and extra-play lengths. 

HEAVY DUTY TAPES 498 and 499—oflering exceptional life, goo 
resolution, high resistance to temperature and humidity, reduction 


| 


in the build-up of static charge. In standard and extra-play lengths 
HIGH OUTPUT TAPE 428 offering top output in low irequencies, 
Performs well even in temperature extremes 

STANDARD TAPES 403 and 408—offering the good all-round per- 
formance at low relative cost which has made them the standards 
of the instrumentation field 


“SCOTCH” BRAND MAGNETIC TAPES FOR INSTRUMENTATION 


“Scotcn” and the Plaid Design are registered trademarks of 3M Company, St. Paul 6, Minnesota. Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario, 


44 Circle No. 3 on Subscriber Service Cord 








Insulation news from Johns-Manville 


a 
tam Now Min- 


Siam 1S flexible! 


THE INSULATION WITH A LOWER 
CONDUCTIVITY THAN STILL AIR IS NOW 
AVAILABLE IN BLANKET AND TAPE FORMS 
FOR UNLIMITED NEW APPLICATIONS 





Min-K, the e insulating material developed 
nd produced | hns-Manville, now has an added 
ialit flexibility! Min-K is a new concept in 

missile ir ition. The higher it flies, the better it 

insulates. Min-K’s thermal conductivity drops as 

itmospheric pressure decreases. Its superior per- 

formance |} been proved in hundreds of opera- 
ltrs ) 

New Fl e Min-K offer many spec ial advan 

tages. For example, it is the ideal way to lowe: 


pi pe y can test performance without 
the expense of special tooling. The flexible blankets 
lend themselves to bonding, lamination with rein 


hese 
forced plast ervice coatings and as a compo 
of nent of ir tion systems. Further, Min-K can be 
vead tailor-n t al ! nd a cylinder, cone or othe 
ths. geomet} hape And, it is also available in 1! 
o i and 2” tapes f piral winding on a duct or pipe 
and Bec: e ot the ided ality of flexibility, Min-K’s 
le 1 lating characteristics now can be used 
rood in virtu: mited new applications. For full 
tion det: ! exible Min-K, Min-K and other J-M 
yths. aviatiol t write Johns Mar ville, B x 1 4 
cies, New ¥ 16, New York. In Canada: Port Credit 
Ont | 
per- 
ards 


JOHNS-MANVILLE 
JM 
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NASA PRocRaAM PLANS 


The $50-Billion Space Push 


Some 70 percent of NASA's budget flooding into Apollo Manned Lunar Landing 
Program; agency fixes government-industry team and readies basic contracts 


BIG MONEY is about to flood into the NASA-led 
drive for the moon. 

The basic contracts are nearly ready to be let for the 
Apollo Manned Lunar Landing Program—a rapidly 
escalating assault on space that is now expected to push 
NASA’s total spending in this decade to more than $50 
billion. 

For some six months the vastly accelerated U.S. drive 
to beat Russia in landing the first men on the moon has 
consisted primarily of study and planning. That period is 
ending. 

The overall plan now calls for orbiting the first A pollo 
spacecraft around the earth about 1964 and landing the 
first Americans on the moon about 1967. The previously 
planned circumlunar flight before attempting a landing 
may be dropped. The framework of the government- 
industrial team for this staggering undertaking is all but 
fixed. 

Within the next four to eight weeks NASA will award 
a tattoo of key prime contracts that eventually will run 
into billions of dollars. 

In doing this, NASA will pick the leaders of the 
Apollo industry team. And, for the first time, it will have 
put the entire program in motion. 





About This Special Issue . . . 


This issue, devoted entirely to the work and 
plans of the National Aeronautics and Space 
Administration, was researched and written by 
a Missiles and Rockets editorial task force 
which visited every NASA installation across 
the nation. Headed up by NASA Editor Hal 
Taylor, the task force consisted of Senior Ed- 
itors James Baar and Charles D. LaFond, Engi- 
neering Editor William Beller, Materials Ed- 
itor John F. Judge, GSE Editor James Trainor, 
Space Medicine Editor Heather M. David and, 
on the West Coast, M/R Editors Richard van 
Osten and Bill Wilks. 
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¢ Scramble for top—There are a total of 17 missile 
space companies fighting for top position on one or 
more of the major contracts. 

Two—General Dynamics/ Astronautics and Martin 
are seeking the prime contract in both propulsion and 
spacecraft systems. Three others—Lockheed, Ling- 
Temco-Vought and Space Technology Laboratories- 
are bidding for one part of the program as primes, and as 
associate primes for another. 

The three key contracts are: 

—Production of the S-/ booster—Seven firms are 
competing for the contract on the clustered 1.5-million 
lb.-thrust first stage of the Saturn C-]. The seven are 
Boeing, Chrysler, Ling-Temco-Vought, Ford Aeronu- 
tronic, Avco, Northrop and Lockheed. The contract is 
expected to be let imminently. 

—Production of the S-/B booster—Five firms are 
competing for the contract on the expected cluster of 
four 1.5-million-lb.-thrust F-1 engines for the Saturn 
C-4 booster. The five are Boeing, Martin, Aerojet-Gen- 
eral, Space Technology Laboratories, and General 
Dynamics/ Astronautics. The contract is expected to be 
let early next year. 

—Development of the Apollo spacecraft—Five firms 
are competing. They are Martin, General Dynamics 
Astronautics, GE, McDonnell and North American Avia- 
tion. GE has a bidding team including Space Technology 
Laboratories, Douglas and Grumman. McDonnell has a 
team including Ling-Temco-Vought, Lockheed and 
Hughes. The contract is expected before Jan. 1. 

Meantime, the first contracts in the lunar facilities 
construction program at Cape Canaveral are also ex- 
pected to be let early next year. Latest estimates on the 
total cost of the huge new spaceport are running to more 
than $1 billion. 

NASA officials have already decided that the R&D 
program for the Apollo spacecraft will be handled by 
a prime contractor and a number of associate primes 
However, a decision on the organization of the industry 
team for the overall Saturn vehicles is still pending. 
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NASA is considering three pos- 
sible ways to put together the Saturns. 
[he prime contractor for the booster 
could be made the overall prime as 
well. NASA’s Marshall Space Flight 
Center, which is in charge of the 
Apollo superbooster program, could 
do the integration. Or Marshall could 
do it with technical assistance from a 
contractor. 

[he establishing and refining of 
plans for the Apollo Program have 
been accompanied by refining of cost 
estimates. The trend is upward 

Originally, some official estimates 
put the total cost at about $20 bil- 
lion. Some estimates now put the cost 
at about $35 billion or more depend- 
ing on what is included. 

Like the estimates of all big R&D 
programs, the figures for Apollo and 
other NASA programs become in- 
creasingly tentative as they stretch 
toward the end of the decade. As a 
guide, however, $35 billion plus may 
be considered reasonable—and prob 
ably low 

The hardest figures are the ex 
pected budget requests for the next 
two fiscal years. For FY °63, NASA 
s seeking a total budget of about $3.7 
billion—more than double the $1.7 
billion that Congress authorized for 
the current fiscal year. NASA also is 
seeking a supplemental FY ‘62 ap 
propriation, probably some $112 mil 
lion to make up the amount cut by 
Congress last summer 

For FY °64, NASA is expected to 
seek about $5 billion to $5.5 billion 
That is nearly half of the current 
budget of the U.S. Army; more than 
the annual outlay for the Strategic 
Air Command 

This FY °64 figure of about $5.5 
billion is officially looked upon as an 
annual “plateau figure” for the rest 
of the decade. By adding normal price 
and the usual unforeseen 
costs, the “plateau figure” will push 
total NASA spending for the 1960's 
to about $50 billion 

One of the important variables in 
reaching this estimate is the cost of 
manned spacecraft programs beyond 
the first three-man 
moon 

NASA Administrator James 
Webb has already spoken of begin- 


increases 


missions to the 


NASA's R&D (right) falls into three 
groups: top (blue), Apollo Manned 
Lunar Landing; (bottom gray) applied 
& scientific; (middle white) work con 
tributing to Apollo and other programs 
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GROWTH 


OF NASA BUDGET 


$5 Billion 


$3.7 Billion 
est 


$1,671 Billion 


$964 Million 


$523.6 Million 


























$338.9 Millian 
FY “SO. FY ‘60 FY ‘61 FY ‘62 FY ‘63 FY ‘64 
Program FY "60 FY ‘6! FY °62 
Authorizations in Millions) 

Apollo Tot pee $ 160 
Mercury 84.3 109.5 74.2 
Launch Vehicle Technology -- 9.1 27 
Launch Operations 

Development 1 1.5 
Spacecraft Technology 4 79 10.3 
Solid Propulsion 1.7 1.3 3.1 
Liquid Propulsion 27.2 57 93 
Nuclear Systems 5.6 12.6 36 
Space Power Technology 3.5 4.2 5.5 
Saturn 9.4 118 224.1 
Tracking & Data Acquisition 16.1 31.6 38.6 
Nova — — 48.5 
Life Sciences — 5 20.6 
Lunar and Planetary 

Exploration 49.9 82.5 159.9 
Centaur 9.4 118 224.2 
NASA Plant Support 27.7 48.2 89.1 
Research Grants & Contracts 4.8 5 7.6 
Scientific Satellites 20.2 37.9 72.7 
Electric Propulsion 1.3 3.3 6.8 
Meteorological Satellites 79 18.1 _ 50.2 
Communications Satellites 3 29.5 94.6 
Sounding Rockets 9.7 8.2 9 
Scout 3 3.9 3.7 
Delta 12.5 11.8 2.9 
Vega 4 (Program Killed) 
Total R&D 333.1 668.5 1,295.5 
Total Salaries and Expenses 89.4 176.9 230.1 
Total Construction 99.6 124.7 262 
GRAND TOTAL $523.5 $964 $1,784.3 
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ning work in the mid-60’s on a 10-man or 12-man space 
station for use in “further lunar and interplanetary ex- 
ploration.” And funding will be included in the budgets 
for FY ’63 and FY ’64 for planning and early design 
work on advanced spacecraft of various types. 

A second important variable is the role of the Air 
Force in space. Sizable increases in military space pro- 
grams over the next few years could result in the revision 
of NASA long-range plans with a complementary revision 
in the agency’s budget. 

However, this would not necessarily result in a 
budget reduction. It would depend on whether NASA or 
the Defense Department undertook the funding of future 
development programs needed for both space explora- 







NASA ARTIST'S CONCEPT of rail-transportable launch 
for Saturn C-4. Alternative would be barge launching. 
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tion and space weapon systems. 

The Air Force also has advanced the argument that 
its facilities and trained personnel should be brought into 
the Manned Lunar Landing Program as much as possi- 
ble. Conceivably, use of these resources could result in 
some downward revisions of NASA spending. However, 
there is considerable disagreement as to the availability 
and applicability of Air Force facilities and personnel. At 
least one congressional investigation in this area is 
planned for early next year. 

A principal target for congressional inquiries in this 
line is NASA’s plan to establish a new multimillion- 
dollar headquarters for its Space Task Group at Houston, 
Texas. Both the need for all or part of the planned Hous- 
ton facilities and the site are being questioned. 

NASA officials contend that the Space Task Group 
which is in charge of development of the Apollo space- 
craft has needed expanded facilities for some time. They 
contend that, among other reasons, Houston was chosen 
as part of a deliberate program to broaden the nation’s 
technological base. 

A third important variable in the size of NASA's 
future budgets is political support in the Administration 
and Congress. At present, vast increases in spending on 
space programs are enjoying wide political backing. The 
cut-off within the national budget has yet to be reached 

¢ Strength in union—An important factor in main- 
taining political support is certain to be the continued 
invoking of the argument that Apollo is necessary for 
the future security of the nation. The NASA and DOD 
space budgets along with the smaller space bydgets of 
other agencies are expected to be lumped together in a 
special section of the National Budget that will be sent to 
Congress in January. This technique could have its politi- 
cal advantages as well as drawbacks. 

Disentangling NASA budgets to determine how much 
is being spent on the Apollo Program and how much 
on other programs is difficult because of considerable 
overlapping in a number of areas. 

Such unmanned spacecraft as lunar-exploring Pros- 
pectors and Surveyors will greatly expand mankind's 
knowledge of the moon and therefore have a substantial 
scientific value in their own right. But they also will 
greatly aid manned exploration of the moon at a later 
date. 

Additions to the NASA tracking network are needed 
for unmanned exploration of space. However, the bulk 
of the additions would be needed for manned spaceflight 
and manned lunar landings even if there were no other 
programs. 

Other gray areas include the programs for scientific 
satellites, the Centaur upper-stage and basic research per- 
formed under grants and contracts. And, finally, money 
for support of the NASA plant, salaries and expenses 
and construction of facilities is often difficult to attribute 
to one program or another. 

In NASA itself, budget officials attribute roughly 60 
percent of the agency’s current $1.7-billion budget to the 
Apollo Lunar Landing Program and 40 percent to all 
other programs. 

Moreover, they expect this difference to increase over 
the next few years until 65 percent or even 70 percent of 
the total NASA budget will go to the Apollo. 

Some officials put the Apollo percentage still higher 
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$1.7 BILLION 


(5) MANNED LUNAR LANDING 
OTHER PROGRAMS 




















$3.7 BILLION (EST.) 


How NASA Is Slicing Its Budget Pies 


by including such programs as the development of nu- 
clear-powered rockets. These estimates today put the 
budget slice for Apolio at about 70 percent or more and 
forecast a considerable increase within the next two to 
three years. 

On the basis of these various percentages, the Apollo 
Program and follow-on programs will spend between $35 
billion and $40 billion of the total NASA budget in the 
1960's. 

This spending on Apollo can be roughly broken down 
further into three major areas. Officials estimate that 
about 40 percent—some $14 billion to $16 billion—will 
be spent on the Apollo spacecraft. And the remaining 20 
percent—$7 billion to $8 billion—will be spent on 
Apollo |aunching complexes and technical facilities. 

The clear overshadowing of all other NASA pro- 
grams by Apollo has called into question among a num- 
ber of congressmen and in industry the workability of 
NASA's recently restyled organization 

Worried critics argue that the agency's organization 
ippears to be unrealistic in that it gives equal position 
along with the Apollo Program to the three offices under 
which all other programs are grouped 

They contend that many parts of the overall Apollo 
Program are scattered in these other offices. Therefore. 
they contend the entire Apollo Program is not within the 
administrative control of its appointed chief, Director D 
Brainerd Holmes of the Manned Space Flight Office. 

Instead, they argue, the only official holding all of 
the Apollo strings along with the strings to all of NASA’s 
other programs is Associate Administrator Robert C 
Seamans 

NASA officials counter that Holmes is the boss of the 
4 pollo Program, that he is directly responsible for the de- 
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velopment of the propulsion systems and spacecraft and 
their overall integration and that he has all of the author- 
ity that he needs to do the job. 

As Seamans, himself, put it recently: 

“We have given the Manned Space Flight Office the 
tools to do the job within reason. When you come to 
gathering data, they can receive from the Space Sciences 
Office whatever is needed. If a nuclear-powered rocket 
should be found necessary in a few years, we will transfer 
the rocket to them.” 

© Proof to come—Any judgment as to criticisms of 
the NASA reorganization will have to await future 
events. NASA is convinced that the future will prove that 
its reorganization was a good one. 

The future also will show whether NASA has been 
right in resisting some congressional suggestions that a 
special non-profit company be established to provide 
technical assistance in the Apoilo Program. 

“In some cases setting up such a company is the best 
way to get on with a job,” one official said. “But it adds 
complications, too. You are better off without .it if you 
don’t need it. We think that we won't.” 

All problems taken into consideration, NASA’s top 
officials feel that their agency in notably short order has 
swallowed and assimilated a tremendous increase in its 
funding and programing, has reorganized itself and is 
in a position to move ahead swiftly with confidence. 

“Our new manned and unmanned space science, ex- 
ploration and application programs constitute the largest 
peacetime research and development endeavor in the 
history of our country,” Webb said earlier this month. 
“The U.S. space program, as now organized, is truly a 
national effort.” 

hat effort is now on its way 33 
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NASA SPACECRAFT 


Apollo Team to Be Chosen by mid- 62 


One prime system contractor, three or more associate primes to head huge list of 


contractors in $10-billion undertaking; a report on the major technical problems 


A DEADLINE of June 30, 1962, 
is being set for assembling of the giant 
industrial team which will undertake 
the building of the Apollo lunar space- 
craft at an estimated cost of $10 billion. 

This deadline will leave just a little 
more than five years to construct the 
hardware to accomplish the hoped-for 
U.S. manned landing on the moon in 
1967. At least 10 Apollos will be built 

After months of deliberation, NASA 
has decided in recent days to handle 
development and production of the 
whole Apollo spacecraft under the di- 
rection of one prime systems contrac- 
tor, with at least three associate primes 
There will be some 5000 supporting sub- 
contractors and vendors. 

Here’s the new industrial plan: 

—The prime systems contractor, to 
be named next month, will build the 
three-man Apollo command module 
and its immediately connecting service 
module. (The latter module will be left 
behind on takeoff from the moon for 
the return to earth.) 

—In about two months, NASA will 
ask for proposals to select associate 
primes to develop 1) the lunar landing 
propulsion module, 2) the complete 
guidance and control system, and 3) 
the orbiting laboratory module. Con- 
tracts for the three systems are to be 
awarded by June 30, 1962, to associate 
primes who by that date will, in turn, 
have lined up subcontracting teams. 

From an industry standpoint, the 
building of Apollo is thus to be ap- 
proached somewhat in the manner of 
the Navy’s Polaris program. 

The Apollo spacecraft is managed 
by the new Manned Spacecraft Center 
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headed by Robert R. Gilruth being set 
up at Houston, Tex. Gilruth in turn 
reports to the Office of Manned Space 
Flight in Washington, directed by D 
Brainerd Holmes, where the entire 
lunar effort is being supervised by 
NASA 

@ Money picture—Some $200 mil 
lion is available under the FY ‘62 
budget for Apollo spacecraft R&D. But 
no money has been released, pending 
contract awards. 

The FY °63 budget is expected to 
include a sharp increase—probably 
around $535 million—to get the pro- 
gram rolling into high gear. By FY ‘64, 
more than $1 billion a year probably 
will be pumped into the spacecraft 

NASA officials connected with the 
program feel that over the next five to 
eight years the cost of the spacecraft 
will total in the neighborhood of $10 
billion. Fully half of this figure may go 
to the prime systems contractor for 
systems engineering and for building 
the command and service modules 

The Mercury program, which is be 
ing phased into Apollo after the first 
manned orbital flight, will continue un- 
der the Houston Manned Spacecraft 
Center as an interim step to gain more 
technical inputs for Apollo. 

At least three and possibly four 
manned three-orbit Mercury shots 
aboard Atlas are planned. In 1963-64, 
about three 18-orbit flights have been 
scheduled. Proposals also are being con- 
sidered for putting a biological Mercury 
containing a monkey and other speci- 
mens into orbit for 14 days and build 
ing a larger capsule to orbit either one 
or two men for as long as a week 
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Moreover, an orbiting Mercury 
capsule will be used with a maneuver- 
ing Agena B in a rendezvous experi- 
ment to determine the feasibility of 
this approach for assembling lunar 
vehicle in space (M/R, Nov. 6, p. 18) 

e Technical problems—O! the 
myriad of problems manned 
spacecraft designers, 
overshadow all others 
ing, micrometeoroid protection and 
re-entry 

By careful shaping of the lunar tra- 
jectory, spacecraft designers are confi- 
dent that they can avoid the high radi 
ation levels encountered in the Van 
Allen belts. However, they point out, 
even if the mission were aborted and 
the only means of return were through 
these radiation belts, the crew would 
be relatively safe due to their high-speed 
passage and the protection offered by 
the spacecraft structures and equipment 

The craft's structures and equipment 
also will be the main shield for the 
crew against solar radiation. NASA de- 
signers point out that ablative materials 
protection from all kinds of 
radiation and for that 
most adequate within themselves. By 
protect vulnerable 
hazard can be 


facing 
three 
radiation shield- 


seem to 


provide 
reason are al- 


spot-shielding to 
parts of the craft, the 
even further reduced 
However, no matter what steps are 
taken to shield the crew, they will not 
high- 
energy protons streaming from the sun 
There 


forecast 


be sufficient protection against 
during periods of solar activity 
fore, a system of “weather 

ing” solar storms will be needed before 


the Apollo craft is allowed to venture 
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ONE-THIRD-SCALE 


from the earth’s protective atmosphere 
If the craft were caught in space dur- 


ing increased solar activity, the crew 
would have to abort the mission and 
return to earth 

The whole area of the biological 


effects of solar radiation and the effec 
tiveness of shielding materials is still 
very imperfectly understood. For this 
reason, the 14-day-orbit satellites will 
carry live recoverable experiments. It 
is necessary to recover the specimens 
according to one NASA official, in or- 
der to cellular and neural 
damage which may not become appar 
ent until many days after exposure 


assess the 


Another danger of the space en 
vironment which must be taken into 
account by spacecraft designers is the 
possibility of micrometeoroid penetra 
tion of the craft. To illustrate the seri 
ousness of this problem, NASA engi 
point to the fact that we know 
little about the densities or me 
chanics of discrete particles in space 
And, since earth simulators are 
quate to dispel our ignorance, experts 
disagree by several orders of magni 
tude on the effects of particles on the 
spacecraft 

The Russians, it is noted, revealed 
that Titov’s Vostok II was “dented” by 
meteoroid impacts. The question that 
still has not been answered is what the 
Russians mean by “dented” 


neers 


very 


inade- 


By assuming the worst possible con 
ditions, the spacecraft designers feel, 
they can provide a mechanism to defeat 
particle penetration. This, they believe 
is Necessary to safeguard the crew from 
the secondary ionization and 
richochet that the 


effects 


Again, they stress 


model of probable Apollo re- 


entry vehicle design is tested in Langley tunnel 
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ablative material of the spacecraft offers 
some protection to the crew. And, by 
providing double-walls with a damping 
material between them (M/R, Oct. 30, 
p. 32), they can defeat the penetration 
problem 

The fuel tanks, as well as the 
manned command module, must be 
protected from meteoroids. However, 
according to one NASA engineer, this 
can be accomplished by using ablative 
materials on the afterbody sections and 
without the use of double-walled struc- 
tures 

Much more data on the mechanics, 
density and penetration effects of mi- 
crometeorites is expected to be avail- 
able by the time the Apollo craft is 
ready for launch 

e Re-entry problem — After ap 
proximately two years of testing models 


of various re-entry bodies, it appears 


that a spacecraft with an lift-to-drag 
ratio of .5 will be used for the Apollo 
mission. The actual shape of the ve- 


hicle will be either a rounded half-cone 
symmetrical, blunted cone. In 
either case, the re-entry vehicle will be 
equipped with control flaps for maneu 
vering in the atmosphere 

With the vehicle hurtling into the 
atmosphere at 25,000 mph, the effec- 
tiveness of an ablation heat shield is 
brought into question. Extremely effec- 
tive in blocking convective heat trans- 
fer, the ablation materials, it is feared, 
might be relatively transparent to radi- 
itive heat transfer. 

A solution to this problem might 
be found in the use of charring abla- 
tion materials such as phenolic nylon 
or fiberglas phenolic. More detailed 


or a 





LUNAR LANDING of Apollo (left) will probably be made with solid 
rockets; takeoff (right) may use LH,-O, combination 


these materials are neces- 
sary, however, to insure that they will 
be strong enough to withstand flight 
vibration, noise and thermal shock. 

As the entry speed increases, NASA 
engineers point out, the experimental 
and theoretical knowledge available is 
meager, particularly in the areas of non- 
equilibrium chemical behavior, radia- 
tion heating and extensive ionization 
More attention, they claim, should be 
devoted to experimental programs in 


studies ol 


these areas 

© Utilize the crew—One of the ma- 
jor objectives of the spacecraft de- 
signers is to make maximum use of the 
crew during the flight. The three-man 
{pollo team, they say, will not merely 
go for the ride but will perform what- 
ever operations do not require a reac- 
tion time beyond that of man 

Onboard control of the mission 
they stress, is implicit in manned flight 
of any vehicle. This is especially true 
when the flight time is long, communi- 
cations with the earth are tenuous and 
unknown situations are likely to occur 

This decision to utilize the crew cre 
ates several problems for the designers, 
such as determining the functions with- 
in mans’ reaction time, designing and 
building onboard displays of the guid- 
and navigation parameters and 
determining how to get the most out 
of the crew. The planned flights in 
earth orbit using both the Mark II 
Mercury capsule and the Apollo space- 
craft should provide answers to these 
problems 

One of the chief ways in which the 
engineers hope to utilize the Apollo 
backup for more precise, 
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MODELS USED in Langley’s Hypersonic Wind Tunnel to study 
rocket-boosted glide vehicles include (from left): a basic flow 


automatic systems. For example, dur- 
ing the midcourse phase of the flight, 
one of the crew could take optical 
sightings on pre-determined stars for 
course corrections. The concept, one 
NASA engineer pointed out, is ana- 
logous to a ship’s captain taking pe- 
riodic sightings on the stars with a 
sextant. 

Other areas in which the crew may 
be used include: 

— Picking out the lunar landing site 
and monitoring the ship as it lands. 

—Checking out and launching the 
ship from the lunar surface. 

— Exercising control during re-entry 
in order to determine the landing point 
on the earth. 

Two of the main advantages of put- 
ting the crew to work are: it reduces 
the complexity of the module construc- 
tion by allowing the men to act as back- 
up for some of the system components; 
and it enhances the overall safety and 
reliability of the spacecraft by permit- 
ting the crew to monitor the launch 
countdown, initiate escape in the event 
of a malfunction or override ground 
commands. 

This reliance on crew functioning 
has caused NASA to specify a “shirt- 
sleeve” environment within the com- 
mand module. This eliminates the pres- 
sure suit worn by the Mercury astro- 
nauts because of its limited mobility 
and the excessive amount of time re- 
quired to get into this type of suit. 
Therefore, there is a requirement for a 
“quick-don” suit to protect the crew 
in an emergency. This suit must con- 
tain its own integral life support system. 

e@ Spacecraft components — Within 
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and heat transfer 


two re-entry 
the command module will be all of 
the equipment necessary to fly the 
spacecraft and to provide a safe en- 
vironment for the crew. This includes 
the guidance and navigation systems, 
communications, life support and re- 
entry and landing systems. Also, the 
propulsion required for mid-course path 
control and velocity corrections on the 
return flight from the moon. 

The service module—located to the 
rear of the command module—will 
consist of the experiments and com- 
ponents necessary to accomplish the 
mission while on the lunar surface. The 
propulsion system for the return flight 
will be housed, to a large extent, within 
this module. 

The final module is the propulsion 
unit used during the out-bound trip for 
path control and velocity corrections 
Also within this module will be the 
lunar landing package—a system with 
telescoping legs for landing on the lunar 
surface. This will also act as a launch 
pad for the command module's take-off 
on the return trip. 

In discussing the propellants to be 
used in the Apollo spacecraft, NASA 
Officials stress that the selection will be 
based on the present state of the art. 
Specifically, if the engines are liquid, 
the propellants will be the type used 
in the Agena-B; if solid, which is con- 
sidered unlikely, they would be of the 
type used for the Minuteman. 

The propellant combination of the 
Agena-B consists of Unsymmetrical- 
dimethylhydrazine and Red Fuming 
Nitric Acid. The advantages of this 
type of propellant system are: excel- 
lent storability, hypergolic ignition and 
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Tests are conducted at 
smooth combustion, regenerative cool- 
ing is relatively easy and the state of the 
art is well advanced result of 
Agena engine development 

A back-up program will be initi- 
ated, according to one NASA official, 
on a Liquid Hydrogen-Liquid Oxygen 
system. However, whether such a sys- 
tem can be used will depend on the 
state of the art at the time of the Apollo 
flights. It is unlikely that this more 
exotic propellant combination will be 
used on early flight missions—although 
it may be included in later flights 

Power for the Apollo craft will be 
supplied by chemical batteries and a 
fuel cell. The bulk of the total wattage 
required will be provided by the pri- 
mary fuel cell—a non-regenerative de- 
vice that wiil provide electrical power 
by fuel combustion. The power require- 
ments for the Apollo craft, according 
to one NASA official, are: 1.5 kw con- 
tinuous power and 3 kw peak power. 
Although the state of the fuel cell art 
is not as advanced as NASA would 
like, the system offers clear-cut ad- 
vantages over other power systems such 
as solar cells or dynamic power sources. 

Solar cell, NASA engineers say, are 
out because of the large appendages 
that would be required to produce the 
and the necessity for a large 
storage capacity while the system is 
operating in the shade. NASA discounts 
dynamic power sources because of the 
rotating machinery involved and the 
lower efficiency obtained as compared 
to the fuel cell. 


as a 


power 


These are the principal problem 
areas faced today by the designers of 
the Apollo spacecraft. 3 
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Microdot Awarded 


Contract on Midas 
LOS ANGELES, CALIF.—Contracts in 


excess of $225,000 have been awarded 
to Microdot Inc. by Philco Corporation’s 
Western Devs lopment Laboratories for 
UHF narrow-band data link transmitters 
and subassemblies to be flown in the 
Midas missile alarm satellites 

The Midas project, under cognizance 
of the United States Air Force, is aimed 
at development of a national early warn 
ing capability through multiple satellite 
coverage of the earth’s surface via infra 


red detectors. Philco, with responsibility 


for the instrumentation, is an associate 
contractor to the Air Force. Lockheed 
Missiles & Space Company, prime sys- 
tem contractor, is responsible for the 
total vehicle and ground elements of 


Sthe system, integrating associate and 


subcontractor efforts 


Muicrodot model 2406A UHF Telemetry 
Transmitter, similar to units now in pro- 
duction for the Midas satellite program. 


In May, 1960, Midas satellite was 
launched into near perfect orbit 300 
miles in space This was followed by 
another successful orbit in July of this 
year. And, last month, Midas IV— in 
orbit spotted the launch of a Titan 
ICBM within two minutes after the 
missile left the launching site. Con 
tinuation of test firings are« anticipated 






with the program remaining a high pri 
ority national development 

For Midas, Microdot will supply their 
Model 2406A Telemetry Transmitter 
modified to include self-monitoring and 
telemetering of its own operation. The 
transmitter is miniaturized, pressurized, 
and includes its own solid state power! 
supply. Reduction in size is gained 
through use of a unique automatically 
stabilized circuit, with the output fre 
quency referenced directly to a quartz 
crystal The transmitte1 weighs 12 
pounds. Similar Microdot telemetry 
equipment has been a part of such 
projects as Pioneer V, Jupiter, Atlas, 
Pershing, Redstone, and Echo | 


MICRODOT INC. 


x 
220 Pasadena Avenue 


South Pasadena, California 
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The words are “project engineer: He’s celebrating —again. And 
every time he does free men shudder. Our job is different. 
Often cheerless. Because we in the defense business are 
charged with keeping fingers.off buttons. Because the real 


business of the defense business ts survival. Microdot Inc. 
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Putting outer space in Pasadena 


How will sub-zero cold and intense heat and light from 
the Sun effect planet-bound spacecraft moving through 
the void of outer space? The scientists and engineers at 
Cal Tech’s Jet Propulsion Laboratory think they know. 

But they’re building this giant space simulator at 
JPL’s Pasadena facility just to make sure. 

The 80-foot high simulator will soon begin environ- 
mental tests on the Mariner —first spacecraft scheduled 
to fly-by Venus. In a 25-foot-in-diameter chamber, the 
Mariner may be exposed to a vacuum of 5x10 milli- 
meters of mercury, a wall temperature of -320°F, and a 
radiant flux of sun light and heat found as near to the 


Sun as Venus and as far away as Mars. 

Next-to-the-real-thing testing is part of any R & D 
work. But in JPL’s job — exploration of our Moon and 
planets — the stakes were never higher. 

The odds for JPL’s (and the nation’s) success in 
space are only as good as our scientists and engineers are 
good. JPL is looking for good people. The best people. 
Why not write to us and find out if you can improve the 


odds. 


JET PROPULSION LABORATORY 


4808 OAK GROVE DRIVE, PASADENA, CALIFORNIA 


; 


All qualified applicants will receive consideration for employment without regard to race, creed or national origin / U.S. citizenship or current security clearance required. 
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MARTIN NUCLEAR ROCKET PROGRAM 


e REACTOR DESIGN 

e PROPULSION REACTOR START-UP 

e NUCLEAR ROCKET SAFETY ANALYSIS 

e RADIATION EFFECTS ON ROCKET SYSTEM 
e FUEL ELEMENT DEVELOPMENT 

e VEHICLE DESIGN 

e CRYOGENICS 








SAFETY ASPECTS OF NUCLEAR ROCKET FLIGHT TESTING 


Safety is one of the many areas receiving contin- 
uous attention in the U. S. nuclear rocket program. 
Tests must be conducted to obtain data, to develop 
safety systems, and to demonstrate safety. 


During the past several years, Martin has gained 
valuable experience in the safety field through its 
investigations and tests concerning the use of 
radioisotope-fueled generators for auxiliary power 
in space. Analytical investigations of nuclear 
rocket safety conducted by the company under the 
RIFT (Reactor in Flight Test) program for the 
National Aeronautics and Space Administration 
are being continued. The U. S. Atomic Energy 


Commission’s SNAP program, under which The 
Martin Company developed the radioisotope-fueled 
generator that powers two radio transmitters in 
a Transit satellite, involved exhaustive safety 
studies and tests. This was the first use of atomic 
energy in a space vehicle. Experience in computer 
analysis of booster behavior, flight test of large 
boosters (VIKING, VANGUARD, TITAN and PER- 
SHING) at Cape Canaveral, re-entry, system 
integration, missile test range control and rocket 
destruct systems, as well as extensive experience 
in nuclear technology, has been invaluable in the 
development of technical capabilities and facilities 
required for these investigations. 
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In less time than it takes light to cross this room, 

a new product, DELCOS N EW high speed MC 
silicon modules, could: (1) correct the course of a missile in flight; 

(2) make it possible for sonar pickups to track and compute the 
position of targets with microsecond accuracy; and (3) handle any 
number of other airborne guidance and control functions that previous 
modules—due to low speed or environmental or performance limitations 
—could not handle. Delco Radio’s 10mc modules, with a maximum 
gate-switch speed of 40 nanoseconds, convert data 100 times faster 
—even under the most extreme environmental conditions. 

These S| LICON modules come epoxy encapsulated, and 
operate over a temperature range of —55°C to +100°C. And these 
same reliable DIGITAL circuits are available packaged on 

plug-in circuit cards. These Delco MO DU LES are environmen- 


tally proved to: SHOCK, 1,000G’s in all planes. VIBRATION, 15G’s at 10 to 
2,000 cps. HUMIDITY, 95% at max. temp. STORAGE AND STERILIZATION TEMP. 
—65°C to +125°C. ACCELERATION, 20G’s. Designed for systems 

using from one module to 100,000, and the module’s rated 
performance considers the problems of interconnection. Data sheets 


are available. Just write or call our Military Sales Department. 


Physicists and electronics engineers: Join Delco Radio’s search for new and better products through Solid State Physics. 


PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS LCO 
Division of Genera! Motors ¢ Kokomo, Indiana 4 DABILITY 
Ei Bility 
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BUILDING BLOCKS FOR LARGE SPACE BOOSTERS 


Using the UTC “Building Block” concept, clusters of large solid 
propellant rockets developing multi-million-pound thrust can be 
provided to lift the biggest space payloads now contemplated. 
Successful firings have proved these UTC solid propellant segments 
can be readily transported, locked together and fired with maximum 
reliability. 


UNITED TECHNOLOGY CORPORATION 


P. 0. Box 358, Sunnyvale, California 


Capability backed by four decades of propulsion experience. 








NASA ELecTRONICS 


Market Expected to Total 


$5 Billion—or More—Over 3 Years 


Half of agency’s R&D spending, much of outlay for new 
facilities will go to satisfy electronics/optics requirements 


NASA USES lunar landing simulator to determine pilot ability to control braking 








{| 








AS NASA'S budget booms, so do its 
electronics and optics requirements. Not 
a big production factor, this neverthe- 
less will result in a substantial dollar in- 
crease for the entire industry. 

M/R editors estimate that half the 
space agency's $1.3-billion authoriza- 
tion for R&D alone will go for advanced 
electronics and optical systems. 

Representing an outlay of between 
$600-$660 million, the principal re- 
quirements will be for satellite instru- 
mentation (over $215 million), man-in- 
space programs (at least $100 million), 
Saturn development (over $80 million), 
and tracking and data handling (nearly 
$40 million). 

In addition to these expenditures, 
NASA will spend nearly $1 billion over 
the next three years for new facilities. A 
sizable portion of this will go for elec- 
tronics and optical hardware. 

The trend in recent years has been 
for electronics requirements for both 
the military and for NASA to equal 
about 50% of total expenditures for 
hardware and R&D. If this trend con- 
tinues—and there is no apparent reason 
why it should not—NASA electronics 
needs will top $5 billion over the next 
3} years 

Increased emphasis in new areas 
may nudge this estimate even higher 
For example, the current excitement 
concerning the need for orbital rendez- 
vous might change the picture. NASA 
officials have indicated that up to $160 
million may be spent next year in this 
area. Some of this would be for devel- 
opment of simulators to teach astro- 
nauts rendezvous and docking tech- 
niques. Other problem areas will be 
tracking, fine thrust control and better 
guidance techniques. 

© Instrumentation—An R&D sales 
man for optical and electronic hardware 
should go wild with anticipation over 
NASA's instrumentation requirements 
during the next few years. 

The space agency is authorized to 
spend nearly $220 million for its scien- 
tific, meteorological, and communica- 
tion satellites during FY °62. For studies 
and hardware development in its lunar 
and planetary-exploration program, 
from $80-90 million will go for elec- 
tronics/optics R&D. 

On top of this, NASA’s huge facility 
construction will open up broad mar- 
kets for ground telemetry, test and 
checkout equipment, dynamic and en- 
vironmental test systems, recorders, and 
other types of equipment needed at 
large launch and test facilities. 

About $200 million will be spent to 
build the massive static test firing facil- 
ity at a site not yet selected in southwest 
Mississippi. Under the direction of Mar- 


shall Space Flight Center, the facility 
will be finished in three years. Later ex- 
pansion is expected to push the total to 
over $400 million. Construction starts 
next spring and contracts for instru- 
mentation will follow shortly thereafter 
NASA’s problem now is to determine 
the exact mission of the facility and the 
types of stands required. 

A similar situation 
Space Task Group. Its new Manned 
Space Flight Laboratory at Houston, 
Tex., will initially cost about $60 mil- 
lion, and its completion will also re- 
quire about three years. A large portion 
of the equipment requirements will be 
for advanced simulators and a variety 
of test equipment. 

The Cape Canaveral extension for 
Saturn and Nova launch facilities will 
cost over $500 million. Construction 
Starts next spring; completion date is 
1966. 

Biggest electronics outlay will be for 
blockhouse instrumentation, test and 
checkout equipment, electronic instru- 
ments for the new bio-medical center, 
and an extensive closed-circuit TV sys- 
tem throughout the vast complex. 

@ Guidance and control—G&cC re- 
sponsibilities are spread throughout half 
the NASA establishment. Marshall is 
responsible for launch vehicles develop- 
ment. To that end, it has control over 
G&C systems used up to the time the 


exists for the 





M/R Estimates* of NASA 
FY '62 Expenditures for 
Electronics/Optics R&D 


(Millions 
Research Grants & Contracts $3.0- 3.5 
Life Sciences 7.0- 11.0 
Sounding Rockets 3.4- 40 
Satellites 
Scientific 727 
Meteorological 50.2 
Communication 946 
lunar & Planetary Exploration 80.0- 90.0 
Mercury 38.0- 43.0 
Apollo 60.0- 70.0 
Launch Vehicle Technology 10.0- 11.0 
lLounch Operations Departments 1.0 
Spacecraft Technology 4.0 
Scout 1.0 1.4 
Centaur 6.0- 8.0 
Saturn 80.0- 95.0 
Tracking & Data Acquisition (and 
advanced communication 
techniques) 38.6 
Novo 18.5- 20.0 
SUB TOTAL $568.0-618.6 
Support of NASA Plant 
in-house R&D) 40.0- 45.0 
TOTAL $608.0-663.6 


* Based on NASA authorization for FY 
62, these figures could be cut because o/ 
$75-million subsequent slash in NASA 
appropriations for R&D; nevertheless 
NASA's January supplemental requests 
are expected to keep the figures where 
they are now 
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vehicle is operational. Thus, Marshall 
has been concerned with the Centaur 
guidance, electronics, and control sys- 
tems and with the early G&C for 
Saturn. 

A decision still must be made as to 
which Center—Marshall or JPL—will 
manage development of the advanced 
systems for Saturn. JPL has responsi- 
bility for mission planning and develop- 
ment of spacecraft for lunar and inter- 
planetary exploration. For this reason, 
it has a direct interest in the type and 
capability of guidance chosen for the 
big booster system. 

Langley developed the Scout launch 
vehicle, including its inertial reference 
system. Also, this Center is developing 
space-rendezvous and docking tech- 
niques for manned spacecraft. 

Ames also has responsibility for se 
lected research in spacecraft stabiliza- 
tion control and orientation. Much ol 
its studies have centered on human Ca- 
pability for guidance, control and navi- 
gation of multistage launch vehicles. 

In other programs, such as Nimbus 
and OAO, Ames developed G&C cri- 
teria. The Center is working with M.1.1T 
now on Apollo guidance. The group 
will study the overall problem with re- 
gard to mission requirements and may 
possibly study alternate G&C configura- 
tions not being investigated by M.I.T. 

Both Lewis and Langley are study- 
ing lunar soft-landing problems. 

Goddard originally directed devel- 
opment of the control system for Mer- 
cury. Now that Space Task Group is a 
separate entity, it assumes responsibility 
for Project Mercury and Apollo and, 


of course, the development of their 
G&C systems. 

Goddard retains direction of con- 
trol and stabilization systems tor all 


scientific and application satellites ex- 
cept two groups: the micro-meteoroid 
and Echo satellites being developed by 
Langley. 

NASA expects to spend about $16 
million during FY °62 for R&D of guid- 
ance and control systems. The total for 
Apollo is expected eventually to be 
from $20-30 million. 

R&D expenditures in this field are 
not expected to change much over the 
next few years. Total market figures for 
complete systems including GSE will 
rise steadily from the present $85 mil- 
lion to roughly $500 million in the next 
5 years, according to industry estimates 

These figures, some observers feel, 
could be reduced even with the expected 
increase in number of units required 
They expect up to 75% reduction in 
unit costs over the next 10 years. 

There are still many technological 
problems in this field, but in general 
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RIM ASBESTOS- 
PHENOLICS 


molded stock saves tooling 
up for prototype parts 


Why pay for expensive dies and equip- 
ment for molding high-temperature 
test parts of reinforced plastics? Ma- 
chine them from standard rods and 
tubes available from R/M in a broad 
range of sizes. 

R/M asbestos-phenolic molding com- 
pounds have proved themselves in the 
hot spots of virtually every U.S. missile. 
They exhibit uniform ablation at ex- 
treme temperatures for nose cone or 
rocket engine environments. And they 
assure high strength-to-weight ratio, 
structural integrity and shock resist- 
ance, and low thermal conductivity 
and diffusivity. 

The superiority of R/M Pyrotex® 
molding compounds stems from the use 
of extra-long spinning grade asbestos 
fibers. 

You can rely on ” 
R/M technical data 
and engineering help. 
Write or call for com- 
plete information. 


NT ae 


Billet of R/M Pyrotex 
molding compound 








RAYBESTOS-MANHATTAN, INC. 


Reinforced Plastics Department, Manheim, Pa. 


SPECIALISTS IN ASBESTCS, 
RUBBER, ENGINEERED PLASTICS, SINTERED METAL 
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G&C experts be- 
lieve that state-of- 
the-art will parallel 
requirements. 
Toughest prob- 
lem may be in re- 
covery or landing 
manned vehicles 
safely and at a sel- 
ected point. Several 
companies are 
studying the prob- 
lem — not only for 
Apollo but for the 
Air Force’s Dyna- 
Soar boost glider. 





In brief, these 
are some of the “LANGLEY TECHNICIAN prepares 10-ft.-diam. (%_ scale 
other G&C require- model of possible erectable manned space station for test in 
ments noted by which model is spun to simulate artificial gravity technique 


NASA scientists: 

—A simple means for locating and 
identifying celestial bodies 

— More versatile timing, sequencing, 
and logical control for operation of 
scientific instruments in unmanned 
spacecraft on planetary orbital or land- 
ing missions. 

—Better methods for sensing alti- 
tude and altitude-change rate and cross- 
velocity, particularly for soft-landings. 

—Eventually, celestial midcourse 
guidance and navigation capable of 
angular measurements to an accuracy 
of 5 seconds. 

—Attitude and 
curate to 0.001° 
1964). 

—During this decade, a guidance 
computer capable of performing naviga- 
tion, storage and processing of scientific 
data, and spacecraft control during 
near-surface maneuvering for explora- 
tion. 

e Tracking and data handling—At 
present, Goddard is responsible for 
tracking and the acquisition, processing, 
and reduction of data for all space mis- 
sions. It operates the Minitrack net as 
expanded from the early system set up 
for the International Geophysical Year 
This includes 13 Minitrack stations and 
a new station at Fairbanks, Alaska. 

Also, Goddard is responsible for the 
Mercury net, which consists of an 18- 
station global complex. Langley directed 
the establishment of the $80-million sys- 
tem and now manages the ground in- 
strumentation and tracking facilities for 
Goddard. 

Goddard actually operates five sta- 
tions, DOD handles the others. 

JPL has responsibility for 
Deep Space Instrumentation Facility 
(DSIF), which will be capable of track- 
ing and communicating with deep space 
probes and manned lunar flights of the 
future. 

All of the existing and planned facil- 
ities are continually up-dated. R&D 
authorization of nearly $40 million this 


sensors ac- 


needed by 


inertial 
(these 


the new 


year (FY ‘62) is indicative of the extent 
of this work 

As it stands, Minitrack operates ix 
the 136-mc band. It provides extensive 
narrow-band coverage, but is limited by 
information rates 

A new wideband net is now being 
integrated with the system. The first sta. 
tion, at Fairbanks, uses an 85-ft. dish 
providing very high gain. System elec 
tronics will be checked out by the end 
of 1961. 

Iwo more stations will be installed 
one will be located near the East Coasi 
of the U.S.; the other will be installed 
probably in Europe, by mid-1963 

The new stations will operate in the 
136-mc band and at (approx. fre 
quencies) 400 mc, 1700 mc, and 230 
mc. Antennas will have multiple feeds 
but not all stations will necessarily bk 
provided with equipment to receive each 
frequency. 

First uses of the expanded system 
will be for the R&D phase of the Nim 
bus weather satellite and possibly for 
S-27 (the Topside Ionosphere Sounder) 
and for OGO, OAO, and OSO follow 
on satellites 

Each of the three new facilities wil 
cost an estimated $5 million 


DSIF consists of three stations 
spaced 120° apart longitudinally. Lo 
cated at Krugersdorp, South Africa 
Woomera, Australia, and Goldstone 
Lake, Calif., the sites employ 85-ft 
dishes. JPL maintains net control 4 


Pasadena, Calif. 

This system is considered adequatt 
for the next but for deep 
outer-space probes is developing 
250-ft. reflectors 

The Mercury net has yet to be op 
erationally checked out with an orbité 
vehicle. It had a partial test this year 
during each of the two suborbita 
manned flights of the capsule 


few years, 
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Launch of a 150-Ib. electronic pack 
age (carrying C-band and S-band trans 
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ponders, telemetering transmitters and 
receivers, and two Minitrack beacons) 
by a Scout vehicle on Nov. 1 was 
aborted. Firing was to check out the 
real-time computing center at Goddard 
and the communications links between 
Goddard and the range stations. 

To augment the 16 fixed ground- 
tracking stations in the Mercury net, 
two Navy C-4 tracking ships are being 
instrumented. Outfitting of the two 
MARS (Mobile Atlantic Range Sta- 
tions) ships is being performed by 
Sperry-Rand. Eventual cost is estimated 
at near $50 million. 

For the future, many experts be- 
lieve, the Apollo program will require 
outfitting of at least two more similar 
vessels. 

e Evolution— Modifications and 
overall systems improvement over the 
next 5-10 years will be extensive, but 
evolutionary, according to NASA offi- 
cials. Some of the major requirements 
include: 

—Better communications link for 
data acquistion by Goddard's process- 
ing center. Radio has been suggested. 
The Center currently uses teleprinter 
tape for transmission of tracking data 
for processing and orbital computation 
by the IBM 7090's. 

—Reduction in power requirements 
for near-space tracking. In time, para- 


metric amplifiers may be used, together | 


with more high-gain antennas. 

—More efficient, higher-powered 
transponders are needed, however, for 
deep-space probes. 

—Improvements in optical-tracking 
readout time. 

—Decrease in data reduction time 
At present, | hour tracking time yields 
| hour data processing time. The trend 
toward more elliptical satellite orbits 
is expected to further complicate track- 
ing/trajectory computation problems. 
Also, NASA expects to launch 124 
satellites over next 
which will further complicate problems. 

More information per watt of power 
seems to be the order of research. More 
vehicles means more tracking require- 
ments, more capacity for ground data- 
collecting equipment, and more capa- 
bility to operate over longer ranges. Im- 





9-10-year period, | 


provements are needed all down the line | 


—including a greater research effort in 
information theory. 

—More efficient pre-editing proce- 
dures to reduce data before final proc- 
essing. 

These are but a few of the many 
problems requiring early solution. Each 
area is being studied or will soon be 
tossed out to industry for R&D. The 
two areas of greatest effort, however, 
will continue to be in network opera- 
tions and communications. Funding for 
FY "62 alone for each is over $14 mil- 
lion and $9 million, respectively 8 





Trisonic aircraft will be routine in a 

few years. The necessary powerful 

precision CADs will be too. CADs — 

cartridge actuated devices — are one 

of Gemco's specialties. Gemco devices 

safely eject rocket 

How to fire 2 at Mach 3 _ pods, wing pyions, 
etc. from today's fast- 

flying aircraft. CADs launch weapons. CADs 
separate rocket stages in flight: (CADs 

may solve some of your problems.) 


Couple Gemco’s product abilities 
with Gemco’s engineering and 
manufacturing facilities to produce 
everything from circuitry to weaponry 
to airframe components, and you'll 
agree that the solutions to Mach 3 
ejection will logically resolve 
themselves here. GEMCO, INC., 
a subsidiary of the HUPP 
Corporation, 

15800 Avalon Boulevard, 


Compton, California 
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— ENGINEERS: INQUIRE ABOUT A CAREER WITH GEMCO 
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challenging CAD assignment 
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problems posed by the element; 
















OPERATING MUDELS such as this version of the Saturn 
Apollo bouster are almost as difficult to build as the original 



































Mastery of Hydrogen Vital to Success 


Major programs are geared fo solution of the varied 
$96 million for overall R&D 


THE KEY TO the U.S 
gram may well be hydrogen—the fuel 
that promises more than a 30% increase 
in performance but poses a technology 
difficult to master. 

Every major NASA propulsion ef- 
fort depends on the element to some 
extent 

—It is 


space pro 


the heart of the Centaur 
program, aimed at giving the U.S. a 
high-performance, general-purpose 
launch vehicle capable of handling pay- 
loads too heavy for Thor or Atlas 
Agena B vehicles and too light for eco- 
nomical usage of the 
series 

—Saturn itself is being paced by 
the element, since all upper stages are 
slated to use hydrogen as a fuel. Hy 
drogen development is closely allied t 
a completely successful Saturn program 

—The Rover heat-transfer 
rocket will use hydrogen- 
safe to assume that any follow-on nu 
clear engine will call for it 

—Several funded space projects are 
directly dependent on hydrogen-firing 
booster vehicles; substitution of another 
vehicle means fairly drastic reductions 
in project payload and mission 

—The huge 
would be committed to hydrogen m 
the upper stages regardless of the nature 
of the first two stages. 


massive Saturn 


nuclear 
and it 


N ova-class vehicles 


And there are hydrogen-induced 
setbacks in every one of these pro 
grams. 


The primary hydrogen problems are 
in the heat transfer area. This includes 
storage, pumping, nozzle 
cooling. 


flow and 


@ Insulation & zero-g — Tankage 
alone is a complicated field. The hy 
drogen is useful to NASA only in the 


cryogenic state, and keeping it cold # 
space any length of time is not easy 
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ULTIMATE Saturn vehicle would mate the C-4 with J-2 engines, nuclear upper stages. Here are NASA engines in development. 


A pressurized system raises many 
questions—such as the effect of the 
pressurizing gas on the liquid hydro- 
gen, and the reverse of this—the effect 
of the cold hydrogen on the pressurizing 
gas. 

The position of the liquid in the 
tank at zero gravity is important. Pre- 
liminary experiments have shown that 
pressure rises faster under this condi- 
tion than was previously thought. What 
are the best outflow methods? What 
are the effects of attitude control on a 
partially emptied tank? And again, the 
reverse question—what is the effect of 
a partially filled tank on attitude 
control? 

The general dynamics of motion in 
this area is a complex problem. 

In the propulsion unit itself, the 
hydrogen is in its critical range. Cool- 
ing of nozzles, pump configurations, in- 
sulation and other allied aspects are 
extremely difficult to anticipate because 
of the peculiar properties of the fuel 
under critical conditions. 

One big problem at the Marshall 
facility involves the use of hydrogen 
on a lunar return trip. All of the above 
areas contribute to this simple ques- 
tion—can the fuel be used at all to 
return to earth? 

There are several approaches to this 
problem. One of these, proposed by 
Thiokol Chemical Corp., is under eval- 
uation by Lewis. This involves a return 
mission capability through “space-stor- 
able” propellant systems such as oxygen 
fluoride and methyl monohydrazine or a 
boron fuel (B,H,). These systems move 
the critical temperature to about — 194° 
F instead of the —423°F liquid-hydro- 
gen range. 

In the big booster areas, the relative 
positions of solids and liquids have not 
yet been fully resolved. No major de- 
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cisions are expected before next Jan- 
uary. 

Some NASA propulsion experts 
maintain that liquids are ahead and 
the U.S. is much closer to a liquid 
Nova than to one using solids. There 
is strong feeling in NASA against crash 
programs in big solids. 

A small solid vehicle, resembling 
Saturn C-1 in size and capability, looks 
attractive in that it might be more re- 
liable; larger sizes, however, bring 
problems—one scientist pegs the prob- 
lem area at above 12-million-lbs.-thrust. 

The consensus seems to be that no 
one has anything against solids, that 
starting development in this field is 
advisable, but crash programs are un- 
necessary. 

The rendezvous approach currently 
being mentioned in connection with the 
manned lunar effort is definitely a point 
in favor of liquids. NASA is consider- 
ing a returnable command module for 
Apollo weighing about 12,500 Ibs. A 
lunar landing system must be capable 
of 50,000 Ibs. deposit and about 13,000 
Ibs. return. Thus a Nova is necessary 
for direct flight and the Saturn series 
for the orbital approach. 

Within this framework, the Saturn 
C-4, 6-million-lb.-thrust first stage of 
four F-1 engines, will be the rendezvous 
work horse. There is some talk of up- 
grading the F-1 to an F-1-H or F-Y 
using liquid hydrogen. This would 
place the C-4 almost in the Nova 
class. It also again underlines the im- 
portance of hydrogen technology to the 
whole space effort. 

e Planetary engines—Space electri- 
cal propulsion currently carries an 
authorized expenditure figure of around 
$6.8 million. NASA is developing 
three types of electrical rockets designed 
to meet the propulsion requirements of 


deep space, the areas beyond the big 
chemical rockets. 

The ion engines are closest to actual 
flight testing: some environmental space 
runs are scheduled for 1962. A flight 
version of an ion engine is being built 
at the Lewis Research Center for tests 
in harness with the Hughes unit. All 
electrical propulsion work is now con- 
centrated at this center. 

Development is proceeding on arc 
jet (electrothermal) engines and mag- 
neto-fluid-dynamic units. All of these 
engines are eventually to be utilized 
for planetary missions. 

NASA's highly classified work in 
nuclear rocket systems is known to be 
progressing at a more-than-satisfactory 
pace. The Rover heat transfer rocket 
has an authorized price tag of around 
$25.5 million, including flight test en- 
gine development. 

Fiscal "62 will see the installation of 
liquid hydrogen turbo-pumps and liquid 
hydrogen-cooled nozzles in the Kiwi-B 
reactor series. Development of these 
components for higher-power reactor 
tests will also be initiated. 

Work in such areas as radiation 
effects and shielding, hydrogen proper- 
ties evaluation and the necessary instru- 
mentation, is already in progress within 
NASA. 

While the reactor work itself re- 
ceives a great deal of public attention, 
there is a large amount of support 
effort in the many components. The 
effect of reactor radiation on materials 
at cryogenic temperatures is being 
studied—as are bearings and wheels at 
high temperatures. 

e H., headaches—The high heat flow 
from the hydrogen jet to the nozzle 
walls means that liquid hydrogen will 
have to be used as a coolant. This noz- 
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SPACE AGE RESEARCHERS: 
if you use 
electronic 
flash tubes 


ASCOr has 


available in stock now 


the equipment to 
power the tubes 


for these applications: 


w og has the immediate answer, 
in stock! This, to you, is an important time 
and money saving factor as it eliminates 
the need for costly designing and con- 
struction by your own staff. An j 
custom equipment is required, here too, 
our use of standard components keeps 
costs down. Unrivaled quality is assured 
by Ascor’s specialization, experience and 
leadership in the field of electronic flash 
for 15 years. 
Our staff of skilled engineers look forward 
to helping you solve tomorrow's research 
problems . . . today! Write for additional 
| information. 


izle cooling problem is one of the big 


unanswered questions in nuclear rocket 
technology. 

The nuclear engine exceeds even 
the heat flow to the nozzle wall of a 
hydrogen-oxygen engine. Heat flaws are 
expected to be 50 to 100% higher 


than those experienced in the H,-O, 


unit. 

The whole Kiwi-B series of tests are 
intended to lead to a reactor which 
can be incorporated in the Nerva (Nu- 
clear Engine for Rocket Vehicle Appli- 
cations) engine. The Nerva engine is 
currently in early development, and 
NASA believes it essential to conduct 
flight tests as soon as possible to obtain 
design information—and also to pro- 
vide confidence in the solution of any 
unexpected problems resulting from the 
flight environment. 

The first flight tests, expected in 


1966-67, will involve ballistic trajep 
tories to exactly pre-determined impag 
points, using first-stage Saturn-clag 
boosters. Safety measures will be sud 
that the minimal hazard, regardless ¢ 
events, is too small to really com 
prehend. 

Continual development of this fligh 
test system could lead to operationg 
third stages for Saturn. Such a nucleg 
third stage would increase the escap 
payload of a chemically propelle 
Saturn-class vehicle by a factor of 3. 

@ Overall R&D—In the gener 
area of propulsion development, NASé 
has been authorized about $96 million~ 
$93 million of it in liquids. The bul 
of the liquid funds are in the F-1 an 
the hydrogen-LOX, 200,000-lb.-thrus 
J-2. 

Some in-house basic research ; 
also being carried out. One example 
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NASA’s Launch Schedule Through the 
Fourth Quarter of 1962 





Payload Launch Vehicle Site Period 

Electron Density P-21 Satellite Scout Ww. 4th Quarter 196! 
Tiros IV Meteorological Satellite Delta AMR 
Electron Density P-21a Satellite Scout wi 
Ranger I! Atlas Agena B AMR 
Echo Satellite Thor AMR 
MA-6 (Manned earth orbital flight) Atlas AMR Ist Quarter 1962 
Ranger III (Lunar rough landing) Atlas Agena 8 AMR 
MA-7 (Manned orbital flight) Atlas AMR 
Orbiting Solar Observatory (OSO) Delta AMR 
Electron Density P-21a Satellite Scout W.! 
Topside Sounder $-27 (Canada) Thor Agena B PMR 
lonosphere S-51 Satellite Delta AMR 
Tiros V Delta AMR 
SA-2 (Second Saturn C-1 launch) AMR 
Ranger IV Atlas Agena B AMR 2nd Quarter 1962 
MA-8 (Manned orbital flight) Atlas AMR 
Rigid Passive Communications | 

Satellite A-12 | Thor Agena 8 PMR 
Project Telestar (AT&T 

Communications Satellite) Delta AMR 
Scout Re-entry Test | Scout Ww. 
Energetic Particles Satellite Delta AMR 
Orbiting Solar Observatory Backup Delta AMR 
Telestor Backup Delta AMR 
Tiros VI Delta AMR 3rd Quarter 1962 
Scout Re-entry Test | Scout Ww 
Venus Flyby Atlas Agena B AMR 
Venus Flyby Atlas Agena B AMR 
Relay Communications Satellite Delta AMR 
Fixed Frequency Topside Sounder Scout PMR 
Orbiting Solar Observatory S-17 Delta AMR 
Relay Communication Satellite Delto AMR 4th Quarter 1962 
Telestar Communication Satellite Delta AMR 
Electrical Engine Test Scout Ww. 
SA-3 (Third Saturn C-1 Launch) AMR 
Nimbus Meteorological Satellite Thor Agena PMR 
Ranger V Atlas Agena 8 AMR 
Tiros Vil Delta AMR 
Syncom Communications Satellite 

(22,300-mile altitude) Delta AMR 
Telestar Backup Delta AMR 
$-48a Backup Scout PMR 
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an attempt on the part of Lewis sci- 
entists to take advantage of the “scream- 
ing” process in liquid engines. This 
high-frequency, high-amplitude acoustic 
oscillation has resulted in engine fail- 
ures. This aspect was eliminated by 
inserting fins. The group is trying to 
relate the mechanism driving the high- 
pitched “screaming” waves to present 
theories of steady-state combustion 

There is also some small research 
effort into the burning process in solids 
Part of this is geared to production of 
pure hydrocarbon binders which would 
be less reactive with high-energy addi- 
tives such as lithium perchlorate 

In the Scout program, NASA will 
aim in FY 1962 for improved motor 
capability. Increased diameter, 
vehicle design standardization and com- 
ponent qualifications test completion 
are other Scout due for early 
concentration 

Since Delta vehicle and engine de- 
velopment has been completed, all 1962 
funds in this area are allotted for con- 
tractor launch services 

The Centaur program is in the fore- 
front of hydrogen technology. It ran 
head-on into the whole hydrogen fuel 
development area—uncovering a_ host 
of problems with the high-energy fuel 

The Nova concept may be down- 
graded in favor of a major development 
effort for a Saturn C-4 vehicle. Some 


cone 


aspects 


NASA propulsion experts have stated 
a preference for building one vehicle 


at a time—not both Nova and Saturn 
C-4 simultaneously. Primary 
a better job will be done 

Certain NASA spokesmen say the 
recently completed “Golovin” study is 
not the complete answer, and _ that 
NASA Administrator Webb is not ob- 
ligated to buy all of the committee's 
recommendations 

The committee called for parallel 
Nova development with direct lunar 
flights in mind, and suggested the fund- 
ing of the Air Force 120-in.-diameter 
solid booster 

The Jet Propulsion Laboratory has 
requirements for chemical-type orbit 
ing retrorockets which will remain in 
operational condition over a 3 
month time span while traveling to 
other planets. The facility review 
ing both solids and storable liquids 

JPL has no definite 
moment, as to how and where electrical 
propulsion systems will be used. Some 
thought is being directed, however, to- 
ward applying such systems to planetary 
orbit tasks. This is in addition to long- 
range interplanetary flights 

The lab is also looking at the possi 
bility that Saturn may provide 
capability for high-energy missions such 
as flights to Mercury and Jupiter. De- 
tails await final of the Saturn 
version %3 
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How OGO keeps its eye on the ball 


When OGO* goes into space 


many as 50 scientif experiments for 
NASA it must maintain proper orienta 
tion up to a year rbits- varying from 
near-earth to cislunar. A new horizon 
scanner system,_an outgrowth of the 
highly successful scanner used in all Dis 
coverer satellites, is being developed by 
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NASA -Pu's 


Auxiliary Power R&D Funding Up 88% 


NASA IS MAKING a concerted 
effort to develop auxiliary power units 
(APU’s) for long-duration spacecraft. 

The big push is for nuclear-electric 
power systems, particularly SNAP-8. 
But there is also a major drive in the 
non-nuclear area, as shown in the 
agency's funding breakdown: 

—Nuclear APU R&D is budgeted 
for $7.7 million in FY 62—more than 
double the $3.5 million spent in FY ’61. 

—Non-nuclear APU R&D is getting 
$5.5 million—a gain of $2 million over 
the FY ’61 figure. 

About $700,000 is earmarked for 
fuel-cell work, but none of this money 
will be spent directly for Apollo APU’s. 

(In its quest for secondary power 
for Apollo, NASA seems convinced 
that fuel cells are the answer although 
a final decision has not yet been made. 
Present auxiliary power requirements 
for the spacecraft call for a two-week 
system able to reach a peak power of 
3 kw, an average continuous power of 
1.5 kw, and re-entry power provided by 
zinc-silver cells. ) 

e Where the business is—Bits and 
pieces of NASA’s APU work are scat- 
tered throughout the agency. But all of 
it is under the general direction of two 
men at NASA headquarters: Walter 


Scott is responsible for solar and 
chemical auxiliary power developments 
Reporting to the as-yet-unnamed direc- 
tor of propulsion and power generation, 
he has in his area about 30 contracts 
with industry. 

In general, Jet Propulsion Labora- 
tory monitors the solar thermionic 
work; Lewis Research Center, the solar 
mechanical nuclear and fuel cell; God- 
dard Space Flight Center, the battery 
work and some radiation damage stud- 
ies; Langley Research Center, some col- 
lector studies; and Marshall Space 
Flight Center, a small effort (battery- 
oriented) on auxiliary power for launch 
vehicles. 

Reporting to Harold Finger (Direc- 
tor of Nuclear Systems), Schulman is 
responsible for nuclear electric power 
systems. Much of this work is done at 
Lewis. The Center has under contract 
about a dozen companies working in 
R&D areas related to nucleonics: mate- 
rials, corrosion, advanced components 
work, etc. Moreover, while the AEC is 
supplying the reactor for SNAP-8, 
Lewis is supplying the rest of the system 

Prospective R&D contractors inter- 
ested in contributing to the APU field 
are urged by NASA to discuss their 
proposals either with Scott or Schul- 
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space-agency center. 

© Opportunities at JPL—JPI 
very much interested in thermionk 
solar-conversion systems as a potentia 
improvement over solar panel-type col 


lectors. The Laboratory has some re 
search contracts out in this area and 
will have more. 

Voyager, for example, may 


equipped with a thermionic solar-pow 
ered conversion system, rather than th 
photovoltaic solar panels now in use 

The Laboratory is also looking fc 
better power-regulation equipment 
which is needed to go either with the 
solar-thermionic or photovoltaic 
version systems. Right now, these reg 
ulation devices have 50% JPI 
is eager to look at anything practica 
that can be done to reduce this loss 

For the planetary program, its direc 
tor, R. J. Parks, says: “We will be 
choosing components, subsystems and 
such principally on what we know 
about reliability and lifetime capabil 
ties.” He emphasized that high reliabil 
ity and long lifetime are of overriding 
importance. 

Scientists at JPL also made the fol 
lowing observations to MISSILES ANI 
ROCKETS: 

Up to 1965, spacecraft power sys 
tems may use voltaic cells, primar 
batteries and static converters and in 
verters. Beyond that time, when a con 
tinuous unregulated power capability of 
2500 watts is wanted, photo-voltai 
sources probably will not be feasibk 
because of their high cost. Solar-o 
nuclear-powered thermionic or turbine 
generators appear to be more attractive 

Furthermore, the effort spent devel 
oping photovoltaic cells should concen 
trate on increasing efficiency and re 
ducing cost. With respect to batteries 
efforts over the next few years should 
be directed toward reducing weight and 
lengthening cell life. Secondary bat- 
teries should have better charge-dis 
charge efficiency in order to ease the 
power requirements for orbiting mis 
sions. 

(A high source in JPL’s lunar ex 
ploration program feels that NASA 
ought to start thinking early—and now 
is not too early—about a manned moor 
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base. He says serious studies should get 
under way within the next two years. 
At the present time, JPL is not doing 
anything on the moon-base problem.) 

" Over the next decade, the lunar ex- 
ploration program will require a “fa- 
mily” of nuclear power 
operation on the moon’s surface. The 
need is for lower-power sources for 
transmitters and TV systems, and high- 
power sources for propulsion on the 


sources for 


surface 

e Opportunities at Lewis- 
working on fuel cells, Sunflower and 
SNAP-8, and invites R&D effort in areas 
that can support these energy conver- 
sion projects. “We are certainly inter- 
ested in getting industry help .. . Tell 
them to get in touch with us!” 
project engineer urged M/R 

The Center is monitoring a $300,000 
Pratt & Whitney R&D contract calling 
for development of a modular fuel-cell 
system. (Research on an electrical re- 
generative hydrogen-oxygen fuel cell 
falls under $100,000 contract with Elec- 
tro-Optical Systems, which for geo- 
graphical reasons is monitored by JPI 
instead of Lewis.) 

Lewis is also monitoring Sunflower, 
which NASA is planning to flight-test 
in 1966. This is a 3-kw system being 
developed by the TAPCO Group of 
Thompson Ramo Wooldridge, consist- 


-Lewis is 


a Lewis 





Space Power Technology 
Budget 
(For contracted R&D—FY °62) 


ADVANCED RESEARCH: 
Radiation damage 
Fabrication techniques for solar 


$250,000 


collectors 100,000 
Space power systems 200,000 
Thermionic conversion 300,000 


Thermal energy storage materials 100,000 


Regenerative fuel cells 100,000 
Magnetohydrodynamic power 

generation 150,000 

Total $1,200,000 

ADVANCED TECHNICAL DEVELOPMENT: 

Solar-cell array technology $200,000 
Power system components 200,000 
improved batteries 300,000 
Sunflower-1 1,800,000 
Primary fuel cells 500,000 
Solar concentrators 400,000 
Chemical power units 300,000 
Solar-thermionic power system 500,000 
Regenerative fuel cells 100,000 


Total 4,300,000 
Grand Total $5,500,000 





Nuclear Electric Power 
Systems Budget 
For contracted R&D—FY ‘62) 


onced systems and 


components 2,500,000 
Prototype development (SNAP 8) 5,000,000 
Total $7,500,000 








ing of a foldable petal-type solar collec- 
tor that will open to a diameter of about 
32 feet. 

The sun’s rays wil! boil liquid mer- 
curcy which will drive a turbo-generator 
to product electric power. The thermal- 
energy storage unit will permit contin- 
uous operation, even when the craft is 
in the earth’s atmosphere. 

NASA is drawing up plans to de- 
velop nuclear power-generation systems 
able to put out tens of kilowatts. This 
will be a long step beyond the SNAP-8 
units, which are expected to go into 
flight-test during the spring of 1965 
The flight test will follow ground de- 
monstration and endurance tests that 
will probably begin in iate 1963. 

The SNAP-8 will come in two de- 
signs: a 30-kw configuration, with one 
reactor and one turbine conversion unit; 
and a 60-kw configuration, still with one 


reactor, but with two conversion units 
(M/R, Aug. 22, 1960, p. 39). 
Many other types of APU’s are 


being developed both by other govern- 
ment agencies and by industry. Specifi- 
cally, there are nuclear units other than 
SNAP which may challenge some of 
NASA's concepts and hardware. More- 
over, industry may have in its proprie- 
tary or unfunded pouch some develop- 
ments that could drastically reshape the 
APU picture. rs 
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DUAL-SEAL REDUNDANT DESIGN 
DYNAMIC & STATIC APPLICATIONS 


WRITE TODAY FOR THE FULL STORY! 


E. B. WIGGINS OIL TOOL CO., 
3424 E. Olympic Bivd., Los Angeles 23, Calif. 


SEAL HERE 


INFINITE STORAGE LIFE 


UNPRECEDENTED SERVICE LIFE 


Eliminates critical downtime @ Very high and very low pressure 
@ Easy, foolproof installation (not a mechanism) @ All-metal — 
non-contaminating @ Stable, symmetrical design 
SALES ENGINEERS IN PRINCIPAL CITIES. | 


Wiggins 


TWX 1403U, Phone AN 9-0181 
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NASA materiaLs 


Industry Getting More Research Work 


Marshall, Langley and Lewis lead centers in materials 


studies; large space projects are boosting outside participation 


THE BASIC TREND in NASA 
materials research and development is 
toward greater industry participation 
on a contract level. The whole area 
supports so many NASA activities and 
is so highly integrated with individual 
projects that no single dollar figure is 
available. 

NASA has been operating on about 
an 86% in-house/14% _ contractual 
basis, but there are definite indications 
that the contracting will grow substan- 
tially. This does not mean that the in- 
house effort will decline. In fact, it will 
increase on a modest scale. 

A significant amount of work in the 
materials areas is being done outside of 
NASA's direct control. This is in con- 
nection with large project contracts. 
The dollar amount is large, although 
the work being accomplished is only a 
small part of the overall contract. 

The greater part of NASA materials 
research is fundamental in nature. But 
it is always closely allied to space func- 
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NDABLE SPACE STRUCTURES such as this reflector 
are being actively researched at Langley. Semi-rigid models would 


tions. For instance, one group is prob- 
ing magnetic fields for metal fabrica- 
tion. Parts have been welded, swaged, 
formed and punched with these pro- 
cedures. 

One attractive application is in the 
area of space repair or fabrication. In 
some instances, with the proper tools, 
no unbalanced torque is generated—a 
boon to an astronaut working in a 
weightless environment. 

The method is part of an overall 
investigation into the usefulness of 
energy-storage concepts. These tech- 
niques can be applied with only a very 
low average power requirement—easily 
supplied by current and near-future 
space electrical power sources. 

Besides fabrication, applications in- 
clude rendezvous and docking, attitude 
control and propulsion. 

e At Marshall—At present, the 
largest single materials effort is at the 
Marshall Space Flight Center. Pro- 
grams are under way in high-tempera- 
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ture pulling of metals, in corrosion, and 
in cryogenic properties of metals. Mar- 
shall’s work is usually associated with 
specific space projects or planned mis- 
sions. 

A graphic illustration is the pro 
gram to reduce the weight of paint on 


vehicles. This effort, in one instance, 
shaved 35 Ibs. from the Redstone 
booster. 

Other major areas cover the 
vacuum effects on plastic materials 
such as teflon, silicone and rubber 


Studies are in progress with solid lub- 
ricants (Marshall scientists say no ade- 
quate vacuum lubricant exists at the 
present time). Seals and gaskets are 
being studied. 

A great deal of material evaluation 
for protective properties at high tem- 
perature goes on at Langley. Many 
promising coatings developed by indus- 
try for Dyna-Soar-type vehicles are run 
through series of tests. 

Innumerable materials for ablation 





not require constant positive pressure to maintain design com 


figurations. Current studies into radiation-induced memory fune- 
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tions in 


applications are also checked out at the 
center. Langley scientists also develop 
some of their own. Future materials 
work at the Virginia installation will re- 
yolve around planetary vehicles. 

The operation is best described as 
basic applied research. Langley con- 
siders structures and materials to be 
inseparable, and the work illustrates this 
philosophy. Such efforts center on the 
fundamental behavior of thin-shell 
structures—an old field but one that is 
not satisfactorily understood. 

Landing impact absorption is an- 
other area. This essentially involves re- 
entry vehicles, but it concerns the last 
30 ft. of descent. 

The main limitation is in reproduc- 
ing the necessary environments—it is 
sometimes difficult to get temperatures 
high enough. Langley has started a pro- 
gram in pyrolitic graphite, and some test 
facilities will have to be slightly modi- 
fied. 

There is concentration on materials 
for lightly reusable, manned 
vehicles, but work is progressing on all 
types of load-carrying structures. The 
very light load area is illustrated by the 
Echo communication satellite 
series. 

Echo is a prime example of erect- 
able structures; research into both 
mechanical and gas erection methods is 
in progress. In this area there are both 
in-house and contracted projects involv- 
ing radiation-induced memory effects on 
plastics. 

Such a development, brought to a 
successful conclusion, would make pos- 
sible compact payloads which have 
“learned” a certain shape. When in 
space, the payload would “remember” 
this shape and assume it after a little 
thermal prompting. 

Langley scientists are currently 
working on Echo I/. This 135-ft.-diam 
eter satellite will be more rigidly con- 


loaded, 


passive 





certain structural plastics may 


the requirement for gas or mechanical erection systems 
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DATA DERIVED from subjecting a missile nose cone to simulated aerodynamic heating 


is part of the hypersonic flight information 


structed than Echo I, making it possible 
to release the erection gas after the 
satellite has assumed its shape. The 
polyester film, sandwiched between two 
layers of aluminum foil, will retain its 
shape after escape of the balloon gas. 
The erection principle is being ap- 
plied to a number of functional satel- 
besides passive communications 
Solar concentrators is one fer- 


lites 
vehicles 
tile area 

The center is also engaged in the 
effect of both solar and Van Allen 
radiation on plastics. Hard-vacuum ef- 
fects on these materials are under in- 
vestigation. 

e Metal research—Materials work 
at Lewis is heavily concentrated on 


eliminate 
and 


still achieve compact payload capsules 


NASA supplies to industry 


metals—with the exception of alumi- 
num. Lewis spokesmen say the alumi- 
num industry does all that is needed, but 
one or two highly specialized projects 
might be handled by NASA for a speci- 
fic purpose 

Lewis is largely engaged in long- 
range work in the areas most closely 
associated with propulsion—high and 
low temperatures. There are seldom 
any specific applications in mind, since 
most of the research is fundamental. 
But the group has come up with a 
promising nickel-based alloy developed 
by J. Freche. 

Molybdenum and tungsten are be- 
ing alloyed with other materials to in- 
crease the crystallization temperature. 





Echo Il is now under 


development at the Langley Center 
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Fully Approved 
for use with FC-75 
and other exotic fluids 


A version of this highly re- 
liable pump motor is currently 
serving on A. C. Spark Plug’s 
all inertial guidance system. 

The unit is fully compatible 
with fluorochemicals and will 
not contaminate such fluids. 

A wide choice of voltages to 
suit the application, as well as 
some of the lowest watt inputs 
possible to achieve the task. 

But perhaps the most re- 
markable feature of the Calco 
immersible pump motor is its 
tremendous endurance. 

Tested under duplicated 
service conditions, this pump 
motor has functioned continu- 
ously for over 10,000 hours 
without failure or dimensional 
wear. This, gentlemen, is relia- 
bility. 

Calco’s engineering ingenu- 
ity can help get your plans off 
the ground. Call on Calco for 
proof. 








* Complete design, 
manufacturing, 
assembly and testing 


Precision electro-mechanical compo- 
nents for airborne and ground support 
equipment. WRITE FOR INFORMATION 


MANUFACTURING 
COMPANY 


ADDISON, ILLINOIS 
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Porous tungsten 
has been fabricated 
for ion engine pur- 
poses, but this is 
another instance of 
deviation from 
long-range work to 
help a specific 
project. 

The refractory 
metal program 
seems to be mainly 
applied to tungsten, 
but with a small 
effort directed to- 
ward columbium. 
There is also work 
in inorganics, such 
as hafnium carbide. 
A group is research- 
ing dispersion hard- 
ening in compos- 
ites. Here the pri- 
mary task is to get 
a more refractory 
precipitation. Alu- 
minum oxide is 
mechanically in- 
serted in some ex- 
periments. 

In physical 
property work, 
Lewis researchers 
have developed a 
simple method to 
predict fatigue effects through conven- 
tional tensile measurement data. The 
role of imperfections in reducing 
strength is being actively probed. Much 
of this work is aimed at obtaining gen- 
eral data for design purposes. 

Lewis scientists went deep into com- 
patibility problems in liquid metals sys- 
tems. Potassium and sodium work has 
been in progress for over 10 years 
There was a brief excursion into mer- 
cury and the data gathered was given 
to industry. NASA then backed out and 
returned to the K-Na systems. 

NASA scientists consider the K-Na 
area a virgin field and well worth ex- 
tensive work. Current projects involve 
small test loops, but materials experts 
are hoping to get into complete systems 
Purity is a huge problem here, and ex- 
tremely elaborate facilities have been 
built—for every experiment each bit of 
apparatus gets more and more complex 

There is a large effort in single crys- 
tals. NASA would like to be able to 
measure impurities down to 0.1-part- 
per-million. Whisker and fiber metal- 
lurgy are under active investigation. 
Lewis is working in copper impregnated 
with tungsten fibers. One result of such 
efforts is the confirmation that strength 
is not determined by long fibers. Short, 
disjointed fibers in metal matrixes give 
the highest strength values. 

Tensile stress rupture 


and experi- 





VAPOR FORMATION, damaging to rocket engine pump blades 
(inset) is included in NASA propulsion research 




















ments with tungsten have resulted in 
facilities that are almost a research job 
in themselves. Lewis has one of the 
country’s most complete laboratories 
for high-temperature physical prope 
work in metals 
This center is also engaged in modr 
fying the vacuum chamber area within 
a large arc furnace. Researchers hope to 
explore more fully the vacuum-melt 
technology by keeping all of the work 
under vacuum. This aspect of metal re 
fining should lead to ingots of purities 
unheard of in production-type furnaces, 
The huge problem of insulating 
cryogenic tankage is being attacked af 
Lewis. Even in the familiar method 
of using layers of heat-reflecting in 
sulators, there is a problem in arrange- 
ment—how close these elements can be 
to each other is closely related to the 
wave-length of radiated heat. 
The linkage between the 
poses a problem. Anything in the spaces 
impedes the formation of a vacuum hb 
blocking outgassing. The outgassing 
time could easily nullify the insulation 
® Electrical requirements—Trans 
port processes within thermionic con 
verters is another important materials 
research area at Lewis. Researchers are 
trying to lengthen the hot emitter life 
by introducing chemicals into the gap 
these react with the material diffusing 
off the hot surface and then re-deposit 
One group recently completed an 


layers 
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STRATOFLEX PRODUCTS — PRESSURE AND PERFORMANCE 
RATED FOR ALL AIRCRAFT AND MISSILES 


Shown above are a few of the Stratoflex hose assemblies most often 


specified for aircraft and missile fluid line applications. Each has been 


manufactured to the most rigid specifications and carefully inspected | . Non 
and tested to assure the highest standard of quality and performance 
Available in a wide range of pressures, sizes and types for fluid appli- P.0. Box 10398 + Fort Worth, Texas ( IHC. 
cations, Stratoflex complete hose assemblies and hose and fittings allow Branch Plants: Hawthorne, Calif. Fort Wayne, ind 
oa = ° . —_ . in Canada: Stratofiex of Canada, inc 
the engineer exceptional freedom in equipment design. For hose and in Great Britain: Stratofiex (U.K.) Ltd 
fittings that perform with complete reliability, regardless of your fluid 
line requirements, specify Stratoflex. For complete information, write eT ee ea nne © Gisae « Content © Gaye © Caaves © Bete < Sea ewes 


- Seemome * Hewsten * Kenses City * Milwowkee * New York « 
for Stratoflex Aircraft and Missile Catalog today ee ee a ee 
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SPACE GLIDER. Drawing of Dyna-Soar space glider, 
will combine extreme speed of a ballistic missile with controlle 
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| 4 easily 

and accurate flight of a manned aircraft. Designed to be rocketed ractor for na-Soar being developed | | 

into space, where it could travel at speeds approaching 18,000 ooperati \ but t 
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Research Laboratories scientist has verified ex- 
struct 


periment illy, for the first time, a theory concern- 
ing ionized gas —important in future harnessing 
SUPpO 


of thermonuclear power 
ment 


America’s first short-range jetliner, the Boeing Boeu 


7. Already, 117 Boeing 727s have been order 
merican, Eastern, Lufthansa and United 


Air | 


iirlines for delivery beginning late in 1963 
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analysis of radiant heat transfer by in- 
tegrating the energy across a spectrum 


of wave lengths, using machine com- after 


putation. They found answers 25% 
different from standard gray-body anal- 5 r=¥-h 
yses. y 
There is some work in high-effi- 
ciency, high-temperature compounds rea storage 
such as the tellurides and sulfides. Ex- 
tremely thin-film solar cells are being 
investigated. Here thinness is deter- 
mined by molecular thicknesses. The 
trick seems to be in picking the correct 
substrate. Lewis is having some success 
with MgO. 
Another project involves spectrally 
selective surfaces for heat engines. The 
objective of the search is a surface 
which will absorb or emit in one end of 
the spectrum and not the other. If a 
sharp separation is achieved, an efficient 
machine will result. 
Some interesting problems are crop- 


ping up in the cryogenic tankage field. 
Lewis scientists are currently bursting saw EASE 
small vessels in liquid hydrogen. These | 


experimental setups are in themselves 1 elele) PSI 


a major research and development ef- 


fort. 
Another group has gone deeply into IN O02 — | =. OF 


the micrometeorite effect. They are 


learning exactly what happens to a ves- | _ J, 
sel full or partially full of liquid by 
firing high-speed particles into test 2) 
chambers. 

In one particular experiment, a par- 


ticle was fired through an existing hole 
into a liquid-filled tank. The hole had 
been sealed with plastic tape. The liquid 
easily absorbed the projectile’s energy, ; s : 
rey a - in cryogenics, propellant, hydraulic 


but the shock wave produced in the 
liquid shattered the tank and pneumatic YAY CHIN) 

This secondary effect is being ex- 
plored; higher-speed projectiles, up to 
30,000 fps, are being planned. 

NASA has specific need to find 
proper materials for containing liquid 
potassium and sodium. Lewis is now 
screening all commercially available al- 
loys. If none fit the bill, the Center 
will proceed to dev elop one. 

Materials work at Ames is difficult 
to separate from the re-entry projects 
under way at the Center. The vast ma- 
jority of the materials effort is in evalu- 
ation or suitability studies involving 
re-entry simulation. 

Some programs are concerned with 
the reaction of materials to ion bom- 
bardment in space—the erosive effect. 

Jet Propulsion Laboratory has no 
demanding in-house materials work at 
present. Their major concern is in 
getting the lunar-planetary programs 
under way. At present, project directors 
are reluctant to predict or speculate in 
this area. 

Provisions have been made to con- 
struct a materials laboratory at JPL to 
support the lab’s space vehicle develop- 
ment responsibility. 
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NASASPACE MEDICINE 


Panel to 


Decide How 
‘Bio’ Funds 
Are Spent 





CHART shows need for space medicine 
investigations by specific categories. 
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NASA’S SPACE medicine or “bio- 
astronautics” efforts are oriented in two 
directions. They are under the Office of 
Aerospace Medicine and the department 
of Bioscience Programs, in the Office of 
Space Sciences. 

Aerospace Medicine has headquar- 
ters at NASA’s Washington offices and 
will have some facilities at the Manned 
Spaceflight Center at Houston. Bio- 
science Programs is located at Ames 
Research Center, Moffett Field, Calif. 

However, the entire NASA life 
sciences operation is now facing one of 
the most crucial periods in its rather 
harried existence. A_ bioastronautics 
panel, chartered by the National Aero- 
nautics and Space Council, is currently 
investigating all space medicine facili- 
ties, military and civilian, to determine 
whether duplication exists, precisely 
what new facilities are needed—and 
who should build them. 

The Bioastronautics Panel is be- 
lieved to have been initiated because of 
the many accusations of “wasteful 
spending” and “empire building” leveled 
at the NASA office of life sciences since 
its inception in spring, 1960. Congres- 
sional committees have constantly ques- 
tioned the necessity of constructing new 
space medicine facilities when the Air 
Force appears to be so well equipped. 

Dr. Edward C. Welsh, NASC ex- 
ecutive secretary, has indicated that 
when the panel, comprised of some 10 
educators, reports its findings, a recom- 
mendation will be made which will gen- 
erally determine the future of NASA's 
space medicine programs. 

If the panel finds military installa- 
tions adequate for space medicine re- 
search, as many of NASA’s critics in 
Congress hold, NASA may find its pro- 
grams limited to the more or less 
“basic” research for which a capability 
is rapidly being built at Ames. If the 
military installations are found lacking, 
NASA will undoubtedly get a full-steam 
go-ahead and sole responsibility for the 
problems of man-in-space, including 
sole responsibility for all bio-satellite 
shots of any kind. 

© Budget breakdown—NASA’s orig- 
inal 62 space medicine budget request 
was for $8.6 million. The authorization 
was upped to $20.6 million upon the 
Administrations’s decision for the 
manned lunar program. Of this $20.6 
million, $5.3 million will go to aero- 
space medicine research and $4.1 mil- 
lion to advanced technical development 
in aerospace medicine—all the responsi- 
bility of Brig. Gen. Charles H. Road- 
man. 

Space biology, whose chief is yet 
to be named, has been appropriated 
$1.8 million for research and for tech- 


nical development. For both programs 
a fund of $9.4 million exists for flight 
experiments. 

e Space biology—Broad objectives 
stated for space biology are: 1) study 
effects of space environment on liy. 
ing organisms, 2) assess organic chem. 
ical life-supporting compounds on extra. 
terrestrial sites, 3) develop means of 
remote identification and analysis of 
possible extraterrestrial life forms, 4) 
prevent terrestrial organic, chemical or 
microbiological contamination of extra. 
terrestrial bodies to preserve them for 
study of life processes. 

The future of the Ames Research 
Center seems fairly certain. The center 
is developing considerable in-house ca. 
pability for biological probes as well a 
ground simulation facilities. At present 
there are about 20 of a proposed 100 
man technical staff, many of whom 
were transferred from NASA headquar. 
ters. One of these men is employed ful 
time for procurement, indicating expan 
sion potential. 


Ames also has budgeted $5.7 million 
under construction of facilities. Of this 
$800,000 will be used to modify and 
equip part of the flight operations labo- 
ratory for a life science research facility 
This operation will enable the life 
science group to study some of the bio 
technological aspects of spaceflight ané 
do basic research in space medicine 

e Ames shopping list—The center 
already has a battery of simulator 
some left over from NACA days. How 
ever, it is aiming for a space chamber 
type simulator which can be used it 
conjunction with its movement simula 
tors. This might have five degrees o 
motion in a chamber with heat, pres 
sure, oxygen environment, isolation, ané 
noise controls, Ames has als 
stated a desire for a device to simulate 
a 14-day space trip, but in view of the 
prohibitive costs, it is not likely to b& 
on the shopping list soon 


etc. 


The Ames group is studying variou 
restraint systems. It has, in fact, de 
signed one for research programs aimeé 
at determining the ability of pilots t 
perform meaningful control tasks dur 
ing high accelerations . The Ames group 
uses the Southern California and Johns 
ville centrifuges to test these systems 
Much of the restraint suit work is dont 
in-house, but some of the work wef 
to industry, such as a helmet which wa 
designed by Protection Inc., of La 
Angeles. It is expected that other prop 
ects of this type will be forthcoming 

Bioinstrumentation for measuriff 
pilot response during centrifuge test 
and weightlessness experiments (in fat 
all simulation devices) may provide? 
market for industry devices. Hughé 
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Aircraft Co., for example, was the re- 
cent recipient of a $75,000 contract for 
a physiological monitoring system for 
the X-/5 

The biosciences group also plans to 
develop a primate training facility for 
laboratory research and experimental 
flight. Equipment needs may include 
animal training devices, environmental 
chambers and life support systems suit- 
able for flight. 

NASA also lets contracts for basic 
research experiments which may have 
space on space vehicles. An example is 
the BIOS I shot (Biological Investiga- 
tions in Outer Space) which carried ex- 
periments designed by universities, AEC 
laboratories and industry. These awards 
usually are in the form of grants, given 
to groups with a known or demonstra- 
ted capability in a certain type of re 
search 

More and more contracts undoubt- 
edly will be awarded for space capsules 
to carry biological probes. These 
probes require intricate electronic de- 
vices, timers, actuators, etc., to conduct 
rather complicated experiments en- 
route. As an example, General Electric 
got $523,000 to modify the Nerv cap- 
sule for the B/JOS experiments. 


NASA will support work in the 


categories of experiments in radiobiol- 
ogy, microbiology, meteorite analysis 
and extraterrestrial environmental stud- 
ies 

The technical development authori- 
zation is planned to go for decontamina- 
tion techniques, microbiologic analysis, 
chemical analysis and instrumentation. 

@ Space medicine—Aerospace medi- 
cine’s broad objectives are: 1) Finding 
requirements for integrating the human 
Operator into space systems, 2) perfec- 
tion of life support systems, 3) deter- 
mining best methods of giving informa- 
tion to human pilots, 4) protection of 
man and machine against radiation, 5) 
biological aspects of communications, 
6) remote control, 7) bioinstrumenta- 
tation and 8) space crew selection and 
training. 

Inflight experiments to support the 
aerospace medicine program will be 
concerned with weightlessness, radiation 
and flight testing of components and 
medical systems. 

The money appropriated for ad- 
vanced technical development will 
roughly go to development of radiation 
protection, protective life support sys- 
tems, controls, models and 
simulators for crew selection and train- 
ing 
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INSTRUMENT 
CORPORATION 


NASA aerospace medicine officials 
have expressed a desire to develop flight 
vehicles for investigation of space radi- 
ation, weightlessness and the search 
for extraterrestrial life. They wish to 
perfect a recoverable biosatellite for 
primate and lower biological systems, 
and spacecraft laboratories carrying 
men, which would orbit under the radia- 
tion belts to investigate weightlessness. 
Life support systems and subsystems for 
these craft will ultimately be necessary. 

NASA's Manned Spaceflight Facility 
at Houston will include a section for 
Aerospace Medicine. This operation, 
according to officials, will not be in- 
volved in basic research for manned 
spaceflight. Rather, it will be concerned 
with the development of specific life 
support systems, space suits, etc., and 
the selection and crew training for ac- 
tual flight. 

This operation will require many 
expensive training devices, such as sim- 
ulators and a centrifuge. Just how much 
money the facility will actually be given 
for equipment will depend largely upon 
the Bioastronautics Panel's findings. 
Apollo astronauts may be forced to 
travel about the country to use existing 
military equipment, as did the Mercury 
astronauts, if the Panel decides present 
facilities will suffice. 3 
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@ Resolution: 0.02% 
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6121 Hillcroft Avenue 
Houston 36, Texas 
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NASA contractinc 


Agency Preparing to Award as Much a: 


While retaining for the present its established types of contracts, NASA will add procure- 


ment personnel, revise procedures, possibly delegate more authority to field centers 


NASA contracting with U.S. indus- 
try over the next several years will ap- 
proach and perhaps surpass $4 billion 
annually. 

To gear up for this giant procure- 
ment effort, the space agency is beefing 
up its procurement staffs, trying to at- 
tract more firms to its industry team, 
and making some changes in its con- 
tracting procedures. 

Two things appear certain, however: 

—There will be no major changes 
in the types of contracts awarded by 
NASA—at least for the next couple 
of years. 

— Advertising for bids which in- 
cludes asking for industry proposals to 
bid will continue to outstrip negotiated 
contracts. 

While the main elements of NASA 
contracting policy will remain the same, 
the agency is making some innovations 
and refinements in procedures. These 
include: 

— NASA headquarters may delegate 
more authority to the field centers, 
where almost all of the agency's con- 
tracting is done. Currently, headquar- 
ters must approve all contracts over 
$100,000 at all centers except Marshall 
Space Flight Center. Marshall can 
award contracts up to $1 million with- 
out approval. This is currently under 
review. One center—the Manned 
Spacecraft Center at Houston—is al- 
most certain to get more authority. 

—A major effort will be made to 
insist that firms submit complete, ac- 
curate and current cost data during con- 
tract negotiations. 

—To make better use of DOD audit 
services at missile/space industry plants, 
NASA is assigning its own representa- 
tives to plants with major NASA con- 
tracts, to supply liaison between the 
contractor and the space agency. 

—A review of contracting proce- 
dures at field centers is being under- 
taken by teams of headquarters pro- 
curement officers. Its major effort will 
be to streamline and standardize con- 
tracting policies. 
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— Better reporting systems are being 
developed. Center procurement offices 
will be required to submit status re- 
ports on all contracts over $100,000. 

e How it slices—The estimate of 
the total size of NASA procurement is 
based on NASA's experience in Fiscal 
1961 and its estimate for the current 
fiscal year. 

Of NASA's total Fiscal ‘62 budget 
of $1.672 billion, some 80%, or $1.3 
billion, will go to U.S. business. Some 
56%, or $750 million, will be awarded 
in direct contracts to industry 

About 15%, or $200 million, will 
go to non-profit corporations including 
the Jet Propulsion Laboratory; another 
29%, or $389 million, will go to other 
government agencies. NASA officials 
said, however, that almost all of the 
funds going to the non-profits and Fed- 
eral agencies will—in turn—go to in- 
dustry in the form of contracts. 

With NASA’s total budget expected 
to hit $5 billion annually in the near 
future, it is likely that the portion going 
to industry will approach $4 billion and 
will continue at that rate or surpass it 
for quite a few years. 

Firms participating in this giant 
procurement program will find that 
NASA has two basic contracts which 
account for almost all of its procure- 
ment. 

e Fixed-price contract — This is 
used most frequently and is preferred 
for procurement of goods and services 
that can be clearly described. This type 
of contract can be used for either for- 
mally advertised bids or for negotiated 
procurement. There are also occasions 
when a fixed-price or “lump sum” con- 
tract may be employed to support re- 
search. 

In arranging a fixed-price contract, 
provision may be made for special sit- 
uations. As an example, it could be 
used for price redetermination when 
the performance of the contract may in- 
volve large contingencies or uncertain- 
ties in cost, such as first-time production 
runs. 


© Cost-type contract—This usually 
involves the payment of the total costs 
of the project plus a certain fixed fee 
While fixed-price contracts are the most 
frequent, the cost type of contract ac- 
counts for ‘a larger dollar share of 
NASA's total procurement 

This type of contract is used when 
there are a number of unknowns in a 
program, as in research and develop- 
ment. For example, NASA may use a 
cost-type contract to support either 
basic or applied research which has a 
fixed objective and a deadline for com- 
pletion. A cost-type contract would— 
in such circumstances—protect a firm 
from assuming unwarranted financial 
risks due to technical uncertainties 
Compensation for taking on this type 
of work could be either straight reim- 
bursement or reimbursement plus an 
agreed upon “fixed fee.” The law pro- 
hibits any government agency from en- 
tering into any contract which calls for 
reimburstment of cost plus a percentage 
of cost. 

NASA would very much like to 
place greater emphasis on the cost-plus- 
incentive-fee contract, but this is out 
for the next couple of years. The 
“agency recently conducted an in-house 
review of this concept, but its procure- 
ment officials have decided that imple- 
mentation to any great degree is impos- 
sible at this time. 

The big problem in this area is that 
a lot of “cost experience” is required 
in order to assess contract performance 
on which the incentive fee is based. Be- 
cause most of NASA contracting in the 
R&D field involves state-of-the-art ad- 
vances, use of the incentive fee would 
create real difficulties in contract nego- 
tiations and administration 

@ Procedures—Firms wishing to do 
business with NASA should be aware 
of the following documents 

—Selling to NASA—published by 
NASA headquarters, this booklet in- 
cludes a complete rundown on contract 
ing procedures. 

—Standard Form 129—This form 
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as $4 Billion 


must be filled out before most manu- 
facturing firms can be placed on the 
bidders list to which 
bid” are sent 


—Form 1071 


all “proposals to 


[his form is for the 
use of architectural 
firms and also puts these firms on the 


and engineering 
contract bidders mailing list 
Firm bidder 
receive which in- 
clude delivery 
or completion dates, place and methods 
of delivery, the nature and number of 
which 


included on the lists 
invitations to bid 


technical specifications, 


reports Or manuals may be re- 
quired, and other items which should 
be considered in submitting a bid 
Firms do not have to wait for NASA 
an R&D 


form 


to make a formal request for 


proposal. There is no specific 


Annually 


the information which it should contain 
includes: 

—Name and address of the organ- 
ization 

—Number of employees, including 
totals and qualifications for technical 
personnel 

— Brief description of facilities, out- 
line of previous work, and a brochure 
and financial statement, if available. 

— Title of proposed research and the 
name of the principal investigator 

—A brief abstract of the proposed 
project 
and completion dates 


—An outline of the proposed budget 


and a suggestion as to starting 


and 


COSIS 
e For small business—NASA also 


has a program designed to increase op- 


take part in U.S. space program. 

Most of these opportunities lie in 
subcontracting work with NASA’s prime 
contractors 

To insure that small business firms 
are being given an equal opportunity 
to share in the space business, NASA 
requires that all prime contractors and 
all subcontractors with awards over $1 
million participate in the program. 

It requires that these firms appoint 
a small business liaison officer who must 
work with officials of both the Small 
Business Administration and NASA. 

rhe liaison man must set up a pro- 
gram to insure that small companies 
have an opportunity to compete with 
big firms, and he must keep records and 
report how much of the work is going 
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ies, Tracking and Computing Equipment, 
Environmental Chambers—Battery R&D, 
Dota Handling Services 
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for unsolicited proposals, but some of portunities for small business firms to to small firms 3 
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Directory of NASA Procurement Organization 
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Center ress a g Areas rocuremen | Adviser 
NASA Headquvorters Washington 25, D.C Overall Management and Administration of Ernest W. Brackett, | Jacob M. Roey 
Agency Contracting Procedures Director 
Heodquorters 
Procurement Branch | Washington 25, D.C R&D Study Contracts Supplies Alebrt A. Clagett None 
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trical Devices 
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Goddard Greenbelt, Md. Spacecraft, Scientific instrumentation, Batter- | Gordon H. Tyler Harry T. O'Toole 
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Over the past several years AMINCO has supplied gas pressurization 
equipment for practically ALL the major high pressure shock tube 
facilities in this country, AND FOR GOOD REASON: 


1. Compression is accomplished with complete freedom from con- 
tamination, through use of Corblin diaphragm-type compressors 
which Aminco handles exclusively in North America. 


2. Valves, fittings, tubing, pressure vessels, are of the highest 
caliber, built with the know-how that 40 years’ experience in 
the field assures. 


3. Every precaution is taken to assure the safety of operating 
personnel. 


THE SYSTEM ILLUSTRATED ABOVE 


Illustrated above is a shock tube pressurization system recently 
constructed by Aminco for a major aircraft company. The system is 
designed for pressurization of a large 15,000 p.s.i. system. It 
includes three Corblin diaphragm-type compressors (two shown); 
manual and automatic controls for pressurization and firing of the 
shock tube; a medium-pressure gas-mixing vessel (not shown); 
and a high-pressure gas-storage vessel (not shown). 


in operation, either a helium-hydrogen mixture may be taken 
from the gas mixing vessel at elevated pressure for further 
pressurization, or air may be taken at atmospheric pressure for 
pressurization. 


Gas is pumped at 9,000 p.s.i. into the high pressure storage vessel 
whose volume is about double that of the shock tube driver section. 
Suction is taken from the high pressure storage vessel, by two 
high-pressure booster compressors, for pressurization of the driver 
section. Pressurization can be accomplished within 11 minutes to 
15,000 p.s.i. 


A remote control panel is provided for filling the driver section with 
oxygen; pressurization of the driver section; and firing the shock 
tube. 
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engineer and construct your gas pressurization system . . . 


CORBLIN COMPRESSORS 


Corblin diaphragm-type compressors are particularly well suited to this type applic 
tion since they permit pressurization of gas directly from bottles, and their now 
contaminating qualities make possible the obtainment of radiation measurement 
etc. from shock tube experiments. They are leak-free ... less expensive to maintel 
. +. feature high efficiency for less power cost. 


SEND FOR NEW BULLETIN 4074 K-2 


A new 8-page bulletin will be mailed on request. Four models of Corblin compressa 
are described for pressures to 30,000 p.s.i. and capacities to several hundnl 
s.c.f.m. The bulletin also describes additional shock tube facilities; other gas-handiig 
applications; and a complete line of Corblin diaphragm-type pumps. Aminco enginest 
will be pleased to visit your facility to discuss systems for shock tube pressurizotial 
or other high pressure gas handling applications tailored to your individual needi 
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AMERICAN INSTRUMENT CoO., INC. 
8030 Georgia Ave., Silver Spring, Maryland 











































gs Yesterday, the Grand Central Rocket Company 
was a partially-owned subsidiary of Lockheed. Now 
GCR is wholly owned, and it has a new name: 


LOCKHEED PROPULSION COMPANY 


we The scientists of this new Lockheed company 
are among the most talented in the free world. 
Their facilities are modern and advanced —and 
getting more so every ; day. m You'll be hearing 
-| much more about this | growing Space Age force. 


~’ | s Lockheed Propulsion ‘/ Company, Redlands, Calif. 
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TOTAL 
PERFORMANCE 


Total performance of your Giannini Controls airborne instrument or system has many phases. 
Designed-in function-effectiveness and long mean-time-between-failures. Production under a 

atured quality control system. Delivery on schedule in spite of last-minute changes. Flight readiness 
when received. Follow-up to integrate the product smoothly into your system. Ask the people on Titan, 
Atlas, F8U, Talos, Nike Zeus, Skybolt, Polaris, Discoverer, Mercury. You'll hear: When it’s from 


Giannini Controls you get it on time, it works when you get it, and it keeps on working. 





ya 
(Giannini Controls Corporation 1600 South Mountain Avenue, Duarte, California 
A MAME TO PLAN WITH MENTS © SYSTEMS © INERTIAL INSTRUMENTS © GYSTENS 
Plant locations: Duarte, Pasadena, Glendora & Glendale, California * Caldwell, N * Centerbrook, Conn. * Berwyn, Pa 
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sereanrs, exeweers... NEW 
CONCEPTS IN 

eS og SPAGE 
7S EXPLORATION 


at RCA’S Astro-Electronics Division 
Princeton, N. J. 


Continued research and investigation into new areas of electronics and 
space technology have opened up a number of challenging opportunities 
for creative scientists and engineers at this rapidly growing division of 
RCA. Immediate openings are available in the following areas: 

@ APPLIED PHYSICS RESEARCH / Advanced space electrical power and propulsion 
@ SPACE SYSTEM ANALYSIS/Applied mathematics/Thermodynamics and 
mechanics 

@ PROPULSION STUDY AND DESIGN/For final stage space craft 

@ ELECTRONIC SYSTEMS AND CIRCUIT DEVELOPMENT/ Communications /Video 
and digital data processing/TV camera and pickup tube design 

@ INFORMATION PROCESSING/Data systems analysis/Computer applications 
and programming research : 


To arrange a personal interview, call collect or write: 
MR. D. D. BRODHEAD, Hightstown 8-3177 


Astro-Electronics Division, Princeton, New Jersey, Dept. PE 478 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 
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Monsanto High Heat Resins for space age applications 


Monsanto Resinox high heat resistant resins were developed to withstand elevated temperature exposures. Now being used 
n missile and rocket components, laminates made with Resinox Resins have high strength-to-weight ratio, low rate of 
ablation, excellent shock resistance, low thermal conductivity, and stability at extreme temperatures. 


Monsanto High Heat Resins include: ease of layup, and increase flexibility and resilience of { 
Resinox SC-1008—Phenolic Laminating Varnish. Designed for applica Resinox Rl-4080 — Modified Phenolic Resin Compound. 
t requiring extended exposure at temperatures t F and very short te é j 1 for use in moldings which must have short 
xposure in the 5000°F temperature range. Offers good ablation re e i emperature F or higt 
Resinox SC-3013—Silane Modified Phenolic Varnish. For applicatior Resinox R1-4009—Phenolic Resin Compound. Deve 

nanding extended exposure in the 500°F to F range, and very short SS and asbestos filter materials. It be used iry pov 

n exposure above § r fers superior high frequ y electrical prope 
Resinox TS$-5946—Elastomer Modified Phenolic Varnish. Resistant Re 

ncrease tack for Plast VIV Room 828 Springfield Ma achusetts 


nended for blending with high temperature phenolic resins to i 


Resinox Reg. U S. Pat. Off 
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Seamans Runs 24,000-Man Lunar Team 
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Apollo's Key Strategists Are Now Welding Together Vast Government-Industry Complex 


NASA's management team for the 
Apollo program will utilize the skills 
of some 24,000 individuals under the 
direction of man—Associate Ad- 
ministrator Robert C. Seamans, Jr 

He will give final approval for fund- 
ing of the program, launch schedules 
and firing dates, program objectives and 
its completion date. 

Other important of the 
space agency’s new management con- 
cept will be the directors of the four 
major program offices in headquarters 


one 


members 


and the directors of NASA's various 
field centers 
The program directors will deter- 


mine the resource and funding needs of 
their programs and lay work on the cen 
ters. The directors of the field installa- 
tions will have direct access to Dr. Sea- 
mans and will be involved in future pol 
icy and program planning 

For the Apollo program, primary 
roles will be played by the Marshall 
Flight Center, for launch vehicle de- 
velopment, and the Manned Spacecraft 
Center, for the Apollo spacecraft. Over- 
all management control will be in the 
hands of D. Brainerd Holmes, director 
of the Office of Manned Space Flight 
Programs 

NASA estimate that the 
Apollo program will consume well over 
one half of all the space agency's ap- 


officials 
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propriated funds through 1970. About 
90% of this will be split about equally 
between Marshall and Houston. 

The remainder will pay the costs of 
supporting missions at almost all other 
NASA centers—with main emphasis on 


the Jet Propulsion Laboratory, Ames 
Research Center, Lewis Research Cen- 
ter, Langley Research Center, God- 


dard Space Flight Center and Edwards 
Flight Research Center. 

e Final lineup—Final 
NASA's beef-up and reorganization to 
gird for the long road to the manned 


details of 


lunar landing were released recently 
as the space agency moved closer to 
major contract awards for both the 


spacecraft and its launch vehicle. 

Dr. Seamans will serve as its general 
manager and as arbiter of major dis- 
agreements between his management 
chief, Holmes, the heads of the 
various field centers 

He will make the final decision in 
any matter involving a change in fund- 
ing or schedule for the program. He 
will in the same capacity 
for programs falling under the other 
three major NASA program 
Applications, Advanced Research and 
Technology, and Space Sciences. 
He will have his chief 

Deputy Associate Administrator 
Dixon, D. D. Wyatt, Direc- 


and 


also serve 


offices— 


as assist- 
ants 


Thomas fF 


tor of the Office of Programs, and Al- 
bert P. Siepert, director of the Office 
of Administration. 

The latter will deal with financial 
reports, contracting and administrative 
services. Wyatt's office will be respon- 
sible for coordinating the budget re- 
the centers and the various 
offices. 


quests of 
program 

e¢ PERT plus PDP—To keep track 
of the program and to channel informa- 
tion from contractors and the field cen- 
ters to NASA headquarters, the space 
agency is incorporating two manage- 
ment control techniques — Program 
Evaluation and Review Techniques 
(PERT) and the Project Development 
Plan 

The PDP will be prepared by the 
director of the field center having major 
responsibility in the program. It will in- 


clude program justification, ‘history, 
scheduling, organization and estimates 
of needed management, technical re- 


sources, funding, and organization 

These will then be sent to the ap- 
propriate headquarters program office 
to be evaluated, revised and endorsed 
for Dr. Seamans’ approval. 

PERT—the computer management 
technique—will be used to keep track 
of the program, insuring that there are 
no bottlenecks and that its schedule 
will be met 
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Estimated NASA Fiscal 1962 Employment Total 





Approved Current 


Complement sovtsfer New 





6/30/62 10/15/61 | Positions 

Headquarters 1 4 03 805 598 
Langley 3,628 3,366 262 
Ames (including Life Sciences) 1,675 1,513 162 
Lewis 3,608 2,891 717 
Edwards Flight Research Center 494 468 26 
Goddard 2,360 1,672 638 
Manned Spacecraft Center (Houston) 1,640 981 659 
Wallops 399 364 35 
® Marshall | 6,490 5,734 756 
Western Operations Office 119 70 49 
Nuclear Office, Cleveland | 28 16 12 
~~ Agency Total® 21,844 17,880 3,914 
@ Includes Cape Canaveral and Pacific Missile Range Personne! 
* Does not include Jet Propulsion Laboratory Total 

PERT is now being used on the In his relations with the Centers, 


Nimbus meteorological satellite and 
the Syncom communications satellite 
programs. It will not, however, be 


completely implemented in the NASA 
operation for another year. 

Both tools will be used by Holmes, 
who will be in direct management 
control of the Apollo program. While 
many of the top decisions will have to 
be approved by Seamans, the asso- 
ciate administrator declares that “he 
(Holmes) will be given all the authority 
to get the job done.” 

In his job as Director of the Office 
of Manned Space Flight, he will recom- 
mend to Seamans: 

—The programs needed to achieve 
a manned lunar landing. 

— Needed action on Project Devel- 
opment Plans prepared by the Centers. 

—Estimates of funds required for 
the Apollo program. 

—Advanced research and technical 
development activities which are needed 


he will: 

—Establish and issue instructions in 
the technical execution of approved 
projects. 

—Authorize the spending of all 
program-related funds. 

— Review and approve basic changes 
in schedule and reprogram resources 

If budget limitations or schedule 
dates are affected, final approval must 
come from Seamans. 

—Resolve technical and manage- 
ment disputes between centers 

He will also evaluate the program 
and project progress and make inter- 
pretative status reports of any defi- 
ciencies and recommendations for cor- 
rective action to Seamans 

@ Joint policy-making—The direc- 
tors of the field centers will also play 
an important role in policy formula- 
tion. For the Apollo program, this will 
accrue to Dr. Wernher von Braun at 
Marshall and Robert R. Gilruth at the 


Manned Spacecraft Center 

They will take part in both short 
and long-range program plannin 
NASA is presently considering ways @ 
best implementing the new policy. On 
idea would bring directors of all of th 
centers to Washington or a centr 
location for regular—perhaps mont 
—meetings with the headquarters prq 
gram directors. Another would invol 
regular meetings between the prograg 
and center directors involved in a sp¢ 
cific program. 

The heads of the centers will a 
report directly to Seamans on the 
budget and personnel requirements. 

In cases where they feel that mi 
sions and work laid on the center b 
the program director would overtax it 
facilities, they will have the right to 
appeal to Seamans. These appeals will 
not be encouraged by Seamans, how. 
ever, and will be permitted only under 
exceptional situations. 

To speed the flow of 
from the field centers to headquarters, 
the following reports will be required 

—The Project Status Report—te. 
quirements for this will be set by each 
headquarters program office 





information 


—Project Management Reports (bi-] 


weekly). 

—PERT Report Required bi-week- 
ly for inputs into the space agency's 
overall program control setup 


—Contractor Financial Report — 
Contractors will be required to report 
costs, manpower costs, or all systems 


and subsystems 
both program and center director 
—Procurement Status Report— 
Milestones in each procurement action 
will have to be set and reports of prog- 
gress toward them made to headquarters 
—Procurement Action Report—aAll 
new contract obligations over $25,000 


This will be used by 


will be reported to headquarters = 


Major NASA Spacecraft and Satellite Programs 


MERCURY (Houston) First manned orbital shot early ‘62; first U.S. manned 


satellite program. Three-orbit mission. 


MERCURY IIA (Houston) First flight late "62 or early ‘63; Mercury with 


18-orbit missions. 


MERCURY IIB (Houston) No schedule to date; proposed program for two- 


man capsule capable of two-week orbits. 


APOLLO SPACECRAFT (Houston) Boilerplate launching ‘63; earth orbit 


"64-65; lunar lending ‘67. 


TIROS (Goddard) First launching April, ‘60; second, Nov. ‘60; third, July 


IR scanner. 


‘61. Weather satellite with TV cameras and 
flights panned. 


NIMBUS (Goddard) First launch late ‘62; second-generation, earth-stabil- 


RELAY (Goddard) First flight '62; active repeater communications satellite; 


similar programs under R&D by AT&T (TELESTAR) and the Army (ADVENT) 


satellite. 


SYNCOM (Goddard) First flight late ‘62; 24-hour instantaneous repeoter 


RANGER (JPL) First flight Aug. "61 failed; second late this year; first 
lunar landing mid-'62. 


instrumented capsule to be rough-londed of 


moon; early flights in earth orbit. 


SURVEYOR (JPL) First lunar flight ‘63; designed for soft-landing on moon 


with 100-300 ibs. of instrumenis. 


Four more 


PROSPECTOR (JPL) No schedule to date; remote-control, soft-landed lunar 
exploration vehicle; may be tied to Manned Lunar Landing Program. 


MARINER/VOYAGER (JPL) Venus fly-by Aug. 62; Unmanned spocecraff 


ized, polar-orbiting weather satellite. Four launches planned. 


AEROS (Goddard) First flight '65-'66; synchronous orbiting weather satel- 


lite, 


ECHO (Goddard) First launching '60; second, '62; passive communications 


satellite, rigid sphere. 


REBOUND (Goddard) First flights late '63-'64; passive communications 


satellite similor to ECHO; three-six planned. 
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for early planetary exploration. 


ORBITING ASTRONOMICAL OBSERVATORY-OAO (Goddard) First fight 


late '63-early '64; 3500-Ib, “streetcar” satellite equipped with telescope 


ORBITING GEOPHYSCAL OBSERVATORY-OGO (Goddard) First flight he 
1000-Ib. satellite with instruments for geophysicol mea urements; poler 


orbiter called POGO; eccentric-orbiter, EGO 


ORBITING SOLAR OBSERVATORY-OSO (Goddord) First flight late thit 


year; second, "62; satellite for observation of sun and solar atmosphere: 
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MARSHALL CHIEF Wernher von Braun, with 
members of his “team,” maps expansion schedules 


Marshall to Get $1 Billion in ‘63 


THE HISTORIC Marshall Space 
Flight Center—largest and richest of 
NASA’s centers—is undergoing a new 
explosion of growth in personnel, facili- 
ies and pocketbook. 

The sprawling research center at 
Huntsville, Ala., which in its days as 
an Army installation hurled America’s 
first satellite around the earth, looks 
today like an overnight boomtown. 

New facilities and additions to old 
ones are going up in almost every direc- 
tion a visitor looks in the welter of 
buildings spread out on the flat, red 
Alabama clay. 

The center’s original 1200 
have been extended by another 120 to 
make room at its heart for a new $4- 
million Central Laboratory and Head- 
quarters Building. Meantime, tempo- 
rary office space has been rented in 
various nearby buildings including two 
former motels and a restaurant 

The Marshall Procurement Office, 
currently letting contracts at a total 
tate of about $600 million a year, is op- 


acres 


erating out of the former Twickenham 


Hotel in downtown Huntsville. The 
hotel’s former registration desk is 
manned by a uniformed security guard. 

Marshall's role as the NASA center 
tesponsible for the development, pro- 
duction and launching of large space 
boosters and their upper stages has 
assured it a pivotal place in _ the 
Manned Lunar Landing Program 

@ Wealth of programs—tThe cen- 
ter—under the direction of Dr. Wern- 
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her Braun, and still for the most 
part his famed “team”—is currently in 
charge of programs for boosters and 
upper stages ranging from the Nova 
and the F-/ and the Saturn to the 15,- 
000-lb.-thrust RL-10A-3. 

Among Marshall's other programs 
are Centaur, the 200,000-pound-thrust 
J-2, the RIFT nuclear rocket, the de- 
sign of ground support equipment, elec- 
tric propulsion, and advanced liquid- 
and solid-propellant technology. 

To support these operations, Mar- 
shall received $756.7 million for FY 
‘'62—nearly double its budget for FY 
61. And the new FY °63 budget for 
the center is expected to rise to about 
$1 billion—nearly a third of the budget 
for all of NASA. 

Nor is this anywhere near a peak 
Within the next several years, the Mar- 
shall budget is expected to more than 
double again. NASA officials currently 
estimate that about 50% of all funding 
for the Manned Lunar Landing Pro- 
gram will be funneled through Marshall. 

[The general breakdown on where 
Marshall is spending its money in the 
current fiscal year: $562.7 million for 
R&D, $123.4 million for construction of 
facilities at Marshall and around the 
country and $70.5 million for salaries 
and expenses. 

Some of the increases in FY °63 
will be spent for additional personnel 
and facilities, but the bulk is expected 
to be applied under the R&D account 
One of the major new items to be added 


von 


to R&D spending will be the production 
of Saturn boosters at the newly ac- 
quired Michoud Arsenal in Louisiana 

Marshall plans to let contracts be- 
fore the end of the year for production 
of both the Saturn S-] and S-1B at 
the $50-million Michoud plant. These 
production programs are expected to 
run to a total of more than $2 billion 

An interesting sidelight to the 
Michoud operation is the current heavy 
competition for the plant housekeeping 
contract. More than 40 bidders, in- 
cluding a number of major missile 
space corporations, are fighting for it 

Another new major addition to Mar- 
shall’s procurement operations within 
the next few months will be the RIFT 
program 

@ R&D slices—During the current 
fiscal year, the bulk of Marshall's R&D 
budget is for Saturn, Nova, Centaur 
and the general liquid-propulsion pro- 
gram, which is mainly the F-] and J-2 
engines. 

Here is the breakdown: 

Saturn—$224.1 million (including 
$3 million for the RL-10 engine, $3 
million for J-2 flight hardware and 
$13.3 million for GSE). 

Nova—$48.5 million (including $40 
million for vehicle development, $6.5 
million for engine development and $2 
million for system support). This fund- 
ing is subject to sharp adjustment in 


(Text continues on page 91. On page 88 
Marshall organizational chart.) 
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EXPLOSI 


MECOR 


RELIABILITY - GREATER SAFETY ~ FLEXIBILITY 


KIBILITY of McCormick-Selph explosive 
ordnance products is exemplified in the COOL 
GAS GENERATOR (at left). Greater compactness 
lighter weight and ease of storage provide 
many inflatable bag system applications for 
flotation, jacking, ejection, gas supported 
structures, forming; as well as potential ap 
plications such as power supplies for driving 
turbines, gas motors, pistons, fluids; pressuri 
zation of fue! tanks 





F Y of McCormick-Selph units is 
demonstrated in the XBS Modular Exploding 
Bridgewire System (at right). Developed in 
conjunction with the Industrial Products Div 
of ITT, the system eliminates the use of 
sensitive primary explosives, and as a result 
is insensitive to all ordinary physical and 
electrical shocks, including RF energy, that 
could cause inadvertent firing 


‘E OR 


Y is a maxim at McCormick-Selph 
A typical by-product of this versatility in re 
search, design, and production is the welded 
seal M-100 all-purpose, STAINLESS STEEL 
PRESSURE CARTRIDGE (at left). Its versatility 
is not only its environmental compatibility 
characteristics, but its multi-use applications 
This unit develops 200 psi (in a 10 cc cham 
ber) in 5 milliseconds — sustains 1000 psi 
for 1 second to do a myriad of functions 


of McCormick-Selph explosive 
ordnance components is illustrated in the 
EXPLODING BOLT (at right). From the first 
ceramic-to-metal, sealed, screw-in ordnance 
power cartridge — through 10 years of pro 
duction of hundreds of varieties of fragment 
ing and non-fragmenting belts — McCormick 
Selph has developed the experience and qua 
ty control methods so essential to the repro 
ducibility demanded in explosive ordnance 
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specialists in 
controlled 
explosive energy 
capable of 
igniting 
a missile... 


pressure terminals / detonators 


initiators / safe-arm initiators 





pressure cartridges / cable cutters 
gas generators / explosive bolts 
squibs / cool gas generators 
small rocket motors / igniters 


exploding bridgewire systems 


Atlas / Mercury / Polaris / Pershing 


Bomarc / Jupiter C / Minuteman 
Titay /Sidewtnder / Saturn / Falcon 
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(Continued from page 87) 
line with changes in the overall national 
booster program. 

Centaur—$56.4 million. 

Liquid Propulsion—$93 million (in- 
cluding $57.3 million for the F-/, $28.7 
million for the J-2 and $7 million for 
advanced systems and components). 

e Staff growth—Marshall’s present 





total payroll stands at about 5750 
people—an increase of about 250 over 
the approved level for FY ‘61. The 


center’s present plans call for adding 
about 750 additional people by next 


spring, bringing the total payroll to 
more than 6500. 
This increase is more than 400 


fewer than NASA originally estimated 
in its revised budget last spring. How- 
ever, even at 6500 Marshall will be 
nearly twice the size of the second larg- 
est NASA center—Langley 

Expansion of Marshall over the next 
several years is expected to push the 
payroll to more than 8000, possibly 
9000 at the most. Any increase beyond 
this would be opposed by the center's 
top officials 

“We don’t want to go to 10,000 and 
15,000 and 20,000 people,” Dr. Eber- 
hard F. M. Rees, deputy director, said 
recently. “I hate even to go to 9000 
if it can be avoided. We don’t want to 
become a big, big outfit. Our charm 
has always been that we are a small, 
well integrated organization that can do 
things very, very fast.” 

@ Nine divisions—In the last 
eral months, Marshall has added to 
its organization two new project offices 
production operations at 
Michoud, the other for lunar program 
planning. The center's technical opera- 
tions continue to be divided 
nine divisions 

Eight of the technical divisions are 
based at Marshall. The ninth—the 
Launch Operations Directorate (LOD) 
—is based at Cape Canaveral 

—The LOD is responsible for all op- 
erations in connection with the launch- 
ing of all NASA boosters and space 
vehicles on both the Atlantic and Pa- 
cific Missile Ranges. For this reason, 
there has been some consideration of a 
proposal to establish the LOD as a 
separate NASA center 

The eight technical divisions based 
at Marshall and some of their principal 
facilities include: 

~The Aeroballistic Division, one of 
the smaller groups, conducts research 
in such areas as aerodynamic heating 
and external fluid properties. It also 
conducts flight evaluation of Marshall 
boosters. Its payroll totals 258 people. 

The division's facilities include a 
\4-by-14-ft. trisonic wind tunnel, a 7- 
by-?-in. wind tunnel, a “hot shot” hy- 
Pervelocity tunnel, and an atmospheric 


sevV- 


—one for 


among 


missiles and rockets, November 27, 1961 


\i 


AERIAL VIEW of Marshall Center shows Saturn C-I static test in progress. Facilities 


include 205-ft 


sounding station that takes soundings 
daily up to 100,000 feet. It currently 
has under construction a hypersonic 
shock tube tunnel, a hypervelocity gun 
and a Saturn jet deflector facility. 
—The Test Division conducts tests 
of boosters and rocket systems and 
also conducts R&D in 
The division payroll 


components. It 
testing methods 
totals 618 

The division’s facilities include the 
Saturn static test tower which can ac- 
commodate a rocket system with a total 
thrust up to 2 million pounds and is 
being into a double super- 

A second test stand that 
can accommodate boosters with up to 
4- to 6-million pounds of thrust is un- 
der construction. Its cost: $10.8 million 

—The Fabrication and 
Engineering Division, widely known as 
the Fab Lab, is responsible for pro- 
duction of experimental superboosters 
and space vehicles and developing new 
and production methods. 
The division now operates in 22 build- 
ings with a total floor space of 403,000 
sq. ft. The division’s payroll totals 841. 

—The Quality Division is responsi- 
ble for maintaining quality control on 
all vehicles. It also is responsible for 
maintaining a quality assurance program 
for launching systems and materials 

The division’s main facility is an 
111,000-sq.-ft. Checkout Building. 
Among other equipment, the division 
has an 18-ft.-diameter centrifuge capa- 
ble of producing 30 g’s. Total employees 
in the division: 399. 

—The Research Projects Division is 
an idea factory under the direction of 
Dr. Ernst Stuhlinger. It is responsible 
for initiating and conducting original 
and supporting scientific research. The 
staff totals 65 people. 

—The Propulsion and Vehicle En- 
gineering Division conducts R&D in a 
wide variety of areas including struc- 
tures, mechanics, propulsion, chemicals 


modified 


booster stand 


Assembly 


technology 


superbooster dynamic test stand. Bigger stands are being built. 


and materials. It has two main buildings 
and nine smaller buildings housing lab- 
oratories and shops. A new five-story 
addition is under construction. 

The division’s nearly $5 million 
worth of equipment includes a walk- 
in vacuum environmental chamber, a 
structural vibration tower, a 40-foot 
Saturn test tower and an aerodynamic 
heating simulation system. The division 
employs 730 people. 

—The Computation Division op- 
erates one of the largest concentrations 
of computation equipment in the Free 
World. The Division has two main 
buildings. Its equipment includes two 
IBM 7090 computers, analog-to-digital 
conversion equipment, telemetry play- 
back equipment, a frequency spectrom- 
eter, wave analyzer systems and a digital 
timing system. Total staff: 132. 

—The Guidance and Control Divi- 
sion develops and performs pilot manu- 
facture of guidance and control equip- 
ment. The main office and laboratory 
contains 192,000 sq. ft. Seven other 
buildings house various test and lab- 
oratory facilities. The division’s special 
facilities include flight simulation equip- 
ment used for dynamic control studies. 
Total staff: 841. 

® In-house quality control —- The 
future of Marshall can be seen in its 
past 

As one top center official put it: 
“The government must be able to judge 
what industry is offering to it. There is 
a need for quality control. But to do 
this we always have had to have a good 
strong in-house project. Otherwise you 
quickly become out-of-date.” 

However, Marshall officials insist 
that this does not mean they seek to 
develop an arsenal system within NASA. 
As proof, they note pointedly that some 
85% of Saturn hardware has been pro- 
cured from private industry. 

This is the pattern that is expected 
to continue to prevail. 8 
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Apollo Awards to Flow from Houston 


Disbursement by new Manned Spacecraft Center may fofal 
$10-15 billion through decade; 90-95‘ 





ROBERT R. GILRUTH 
From Mercury to the moon—and beyond 
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NASA’S NEWEST: §facility—the 
Manned Spacecraft Center now a-build- 
ing at Houston, Tex., to handle Apollo 
—is destined to become one of its larg- 
est contract outlets. 

Cost estimates for developing A pollo 
through 1970 vary from $10 billion to 
$15 billion—virtually all to be dis- 
bursed by MSC. 

Renamed and expanded, MSC was 
formerly the Space Task Group which 
managed the Mercury program. Under 
its new charter, it will have not only 
the technical management and contract 
administration responsibility of Apollo 
and Mercury, but all of NASA’s future 
manned spaceflight programs. 

Of the billions to be spent by the 
center in the assault on the moon, 
NASA officials estimate some 90-95% 
will go in contracts to industry. 

“We don’t build anything ourselves 
around here,” one official said, “even 
in our R&D programs we only build 
models and then contract with industry 
for the actual hardware.” 

The lion’s share of the contracted 
funds will go to the three or four major 
contractors for the Apollo spacecraft 
development. Present plans call for 
one prime contractor to be responsible 
for the command and service modules 
and systems engineering for the whole 
spacecraft. Other contractors will be 
selected for the propulsion module, 
guidance and control, and the orbiting 
space platform which is still part of 
the Apollo program plan. 

In the current fiscal year, MSC 
(STG) is spending $294.5 million 
Some $54.2 million was allocated to 
Project Mercury, $156.1 million for 
Apollo, $24.1 million for salaries and 
expenses and $60 million for construc- 
tion of the new Manned Spacecraft 
Center. 

@ More funds, faces—A top official 
says the budget will more than double 


going in industry contracts 


in FY *63. MSC personnel complement 
will jump from its current 1000 to 
1640. Eventually, the Houston facility 


will employ 3000 persons 

[he new center will be headed by 
Robert R. Gilruth—the former director 
of STG. His top assistants will be 
Walter Williams and Wesley Hjornevik 

While the center’s organization has 
not been finalized, current plans call for 
four main operating divisions 

These will break down into the fol- 
lowing general administration, 
research and development, preflight op- 
erations (including Astronaut training) 


areas: 


and Project Office organization. The 
latter will have at least two divisions: 
one for Mercury and the other for 


Apollo 

Gilruth has not yet made a decision 
as to who will head the various oper- 
ating positions, but the chiefs will un- 
doubtedly come from top STG person- 
nel These could include: Paul C 
Percer, Special Assistant to the Direc] 
tor, Maxime Faget, Flight Systems Divi 
sion, Dr. Stanley White, Life Systems 
Division, Charles Mathews, Operating 
Division, G. Merritt Preston, Preflight} 
Operations, and Bob O. Pilend—cur-] 
rently Apollo contract} 
evaluation. 


heading the 


© Researching—In addition to its 
contracting work in Mercury and 
Apollo, the Manned Spacecraft Center} 
will be doing R&D work in the follow-| 
ing fields including: 

—Orbital Rendezvous—Many mil] 
lions of dollars will be spent to deter-| 
mine the practicality of mating large} 
vehicles in orbit for long journeys to} 
the moon and planets. Much work wil 
be done on this in Fiscal 1963 

—Follow-on manned flight | 
proposals including trips to Mars and] 
10- or 12-man expeditions to the moon 
These will also involve R&D for space} 
craft development. : 
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— Life 
craft. 

—New techniques for spaceflight, 
including guidance and control. 

—Astronaut training and R&D for 
their equipment and environment. 

—Work on re-entry and landing 
following the manned lunar landing. 

According to the current time sched- 
ule, some 400 persons actively engaged 
in the Apollo program will begin mov- 
ing to Houston in late December. By 
early March, all of STG’s manned 
lunar operations will be transferred to 
the new center. Project Mercury per- 
sonnel will not begin to move until late 
next summer. All of STG is expected 
to be transferred to the new site by the 
end of 1962. 


e The Plant—Major 
center include: 
—Flight Project Building—To house 
the executive offices, project engineer- 
ing Offices, flight systems offices, and 
central management services, an eight- 
story, $12,000,000 facility is planned 
The building—providing approximately 
340,000 sq. ft. of space—will serve as 
the management, engineering and serv- 
ice center for the Manned Space Flight 
Laboratory. 

—Equipment Evaluation Lab—The 
Equipment Evaluation Laboratory and 
Support Facility provides the central 
services complex, including the shop 
and assembly areas for the preparation 
and repair of Apollo models and other 
equipment. The proposed buildings 
will be of standard milltype construc- 
tion, with offices convenient to the shop 
and laboratory areas. 
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APOLLO INDUSTRIAL TEAM—Prime 
responsible for the command and service 


systems engineering for the 
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MANNED SPACECRAFT CENTER'S internal procurement organization. In January, 


1961, 
end of the year. 


—Flight Operations Facility—Con- 
sisting of a three-floor, 50,000-sq.-ft. 
office section abutting the laboratory 
and training facility area of approxi- 
mately 70,000 sq. ft., the $3.6-million 
Flight Operations Facility provides an 
integrated center for the required mis- 
sion simulation, as well as training 
equipment for the flight operations and 
training groups. 

—Environmental Testing Labora- 
tory—Facilities for testing the full-size 


Apollo spacecraft under critical in- 
flight environmental stresses will be 
provided in this testing complex. The 


main section of the building—a 100,- 
000-sq.-ft. area—will provide for or- 
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contractor will be 
modules and the that information), 
Prime will also 


the office had a staff of 15. It has now grown to 65 and will hit 100 by the 


derly spacecraft preparation, instru- 
mentation, environmental testing and 
data handling. Adjoining the lab will 
be a two-story, 30,000-sq.-ft. office 
area and a submerged test cell of ap- 
proximately 4000 sq. ft. 

Other major facilities which will be 
needed in the future include: 

—An extensive antenna range facil- 


ity 
— Extensive electronics laboratory. 
—Land area and facilities for test- 
ing all systems engaged in the manned 


lunar landing program. 

—Centrifuge simulation. 

— Equipment to simulate a manned 
lunar landing with 1.6 g’s. cof 
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Problem-solving in space and defense... 
these are some of the projects for which the 
IBM Federal Systems Division is developing 
advanced information-handling and control 
systems. Total IBM systems capabilities can 
be focused on your problem. 


— pat ROCKVILLE, MARYLAND 
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Lunar VTOL Vehicle. A rocket- 
propelled craft designed to collect 
lunar ore specimens. 


Nuclear Ship. 


Space 
A Douglas design for 
space ship with crew 
quarters and control 
rooms in the nose, 
nuclear reactor in 
the rear. 





os 






Lunar Service Vehicle. Travels 
like a ‘swamp buggy” on 
inflated rollers. Mechanical 
arms provided to handle 
outside chores. 








Space Observatory. Sections of 
this Douglas-designed space 
station would be sent into space 
in rockets and be joined together 
in orbit. 











Nuclear Space Ship. 
A future, medium- 
thrust, nuclear- 
electric space ship 
for one-year 
interplanetary round 
trips (Martian and 
Venusian). 


Douglas Thor. 
Designed as a 
military IRBM, this 
dependable missile 
is the workhorse 

of the Space Age. 





Saturn. First U.S. vehicle designed to 
put tons of payload into orbit . . . or 
onto the moon. Douglas-built second 


Nuclear Space Ship. 
An unconventional 
design by Douglas with 
living quarters around 
the ring at the bottom 
On landing, it would 
ease down, ring first 








Supply and Escape Vehicle. A 
compact re-entry vehicle to supply 
orbiting space stations or to return 
crews to earth. 





Lunar Cargo Handlers. Would 
load lunar ore samples into 
containers to be towed back to 
earth by rockets 





Lunarmobile. Donut- 
shaped exploration 
vehicle to use rocket 
power in space and 
tractor treads on the 
moon's surface 


stage is as tall as a 4-story building 


Eleven ways to outwit the law of gravity 


When the Space Age dawned, 
Douglas was ready with specific pro- 
posals for space equipment either 
completed or in advanced stages of 
development. (Some appear above. ) 

These Douglas proposals were 
based on realistic estimates of the 
capabilities of men and materials. 
They are the valued dividends of the 
company’s considerable experience, 
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gained from the design and produc- 
tion of 30,000 missiles and rockets. 
These include the Douglas Thor, an 
IRBM which has been totally suc- 
cessful in 89.5% of its tactical and 
space firings over the past two years. 

Today, Douglas looks ahead to 
other exciting challenges from its 
firm position of leadership in the 
conquest of Space. 


DOUGLAS 


MISSILE AND SPACE SYSTEMS © MILITARY AIRCRAFT + 0C4 [| 


JETLINERS *« RESEARCH AND DEVELOPMENT PROJECTS * 
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RYAN RESEARCH VEHICLE SPEARHEADS 
FLEX WING APPLICATIONS 


With the world’s first manned 
Flex Wing vehicle, Ryan engineers 
are uncovering valuable new flight 
data which will adapt this concept 
to a broad variety of important 
military and space applications. 

Recovery of huge boosters, nose 
cones and capsules...re-entry of 
space vehicles at reduced velocities 
... helicopter tow of logistics pay- 
loads ...controlled delivery of air- 
dropped cargoes to “pin-point” 
landings...small reconnaissance 
drones to meet combat needs. These 


are a few of the multiple applica- 
tions for which the Flex Wing can 
be used. 

Based on a National Aeronautics 
and Space Administration concept, 
the Flex Wing provides greater lift 
per weight than fixed wings, is 
superior in inherent stability and 
can be precision-controlled in both 
powered and unpowered versions. It 
can be packaged into an extremely 
small volume and then deployed 
faster than any other deceleration 
or lifting devices. 





Ryan has received several con- 
tracts from NASA and the military 
services to explore and develop the 
more promising Flex Wing applica- 
tions. Pioneering an entirely new 
concept, such as Flex Wing, is typi- 
cal of Ryan’s Space Age capabilities. 

Ryan Aerospace — Ryan Aero- 
nautical Company, San Diego, 
California. 


RYAN 
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Only AiResearch has 2 million components in 


: : * 
aircraft environmental systems 
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Only AiResearch has 
life support systems for 
America’s astronauts 
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Only AiResearch 

has environmental systems 

now for tomorrow’s 
spacecraft 
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AiResearch has production hardware experience or has reached advanced stages in 
development contracts for these principal areas of a space environmental system: space 
radiators, glycol loops, supercritical cryogenic storage, atmospheric controls, fans, 
compressors and pumps. 

The company’s proven ability to produce all the components and integrate them into a 
complete environmental system reduces the problems of interface and assures the highest 
degree of optimization. 

A new laboratory is now being added to present facilities specifi ally designed to test 


environmental control systems for advanced space missions. 
° , . . : , 
In world-wide service, with mean time between failure from 5000 to 40,000 hours on 


major high speed rotating machinery. 


AIRESEARCH MANUFACTURING DIVISIONS @ Los Angeles 45, California + Phoenix, Arizona 


Systems and Components for: 
Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications 
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FOR HIGHER RELIABILITY IN THE 
HIGH TEMPERATURE RANGE 


MIDVAC STEELS MEET THE MOST 
CRITICAL DESIGN APPLICATIONS 


Where parts for missiles, rockets, aircraft and other jet 
age products call for super alloys of maximum reliability 
at temperatures of 1O00°F. and over, Midvac Steels offer 
designers new opportunities of applications. 


Midvac Steels, produced by the consumable electrode 
vacuum arc melting process have these advantages over 
conventionally produced steels 


1. Improved ingot soundness. 
2. Reduced ingot segregation. 
. Improved chemical homogeneity. 
. Refined cast structures—less forging reduction 
necessary. 
. Improved cleanliness 
. Gas content reduced to a minimum. 
. Improved workability 
. Improvement in room temperature properties— 
fatigue, impact, transverse ductility, etc. 
. Improvement in elevated temperature properties— 
hot fatigue and stress rupture. 
. Consistent higher quality product—less customer 
rejections. 
Midvac Steels are offered in many alloys as billets or 
forgings to meet the most critical design specifications. 
Complete details on Midvac Steels, plus comparative 
analysis of leading super alloys are available in new 
Midvac Stee] Booklet. Write for your copy to 


MIDVALE-HEPPENSTALL COMPANY 
Nicetown, Philadelphia 40, Pa. 
Subsidiary of Heppenstall Company, Pittsburgh, Pa. 


Circle No. 81 on Subscriber Service Card 










NASA !Noustry GuibE 


CALTECH’S Jet Propulsion Labo- 
ratory, with prime responsibility for 
NASA's instrumented exploration of the 
moon and planets, will nearly double 
these programs in FY ‘63 to meet the 
stepped-up demands of the manned 
space program. 

This is the breakdown: 

@ Lunar—About $55 million more, 
including additional Ranger vehicles to 
support Apollo, and soft-landing Sur- 
veyor vehicles. 

e Planetary—Program to be more 
than doubled by an additional $38 
million. 

Most of the step-up will occur in the 
lunar program, because of Apollo ac- 
celeration. Lunar program funding will 
be boosted to $109.5 million from its 
current FY 1962 figure of $64.3 mil- 
lion. 

About $40 million of the additional 
money will buy four more Ranger ve- 
hicles designed to support Apollo di- 
rectly by shooting closeup television 
pictures of the lunar surface before 
impacting on the moon. 

More soft-landing Surveyor vehicles 
also are expected to be added, but how 
many remains to be determined, accord- 
ing to Clifford I. Cummings, JPL lunar 
program director. 

JPL’s planetary program, although 
not affected by Apollo, will come in for 
the biggest proportionate increase in 
Fiscal 1963, going to some $68 million, 
or more than double the current budg- 


eted $30.5 million, Carl Jorgensen, 
manager of financial planning, told 
M/R. 


@ Maintaining “mix”—JPL’s need 
to develop and maintain its ability to 
manage contractors affects its contract- 
ing procedures and how much money 
goes off-lab. R. J. Parks, planetary 
program director, said JPL must main- 
tain “an appropriate mix” of in-house 
and contracted work. 

“A sufficient fraction of the plane- 
tary systems programs will be kept in- 
house in order to keep up our capa- 
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JPL Speeds Lunar Work for Apollo 


As its expenditures double, Lab is expected 


to maintain or increase industry's lion’s share of dollars 





DR. WILLIAM H. PICKERING 
No intention to compete in production. 


bility,” he said. “At present, this means 
JPL will keep the entire systems respon- 
sibility for Mariner. In the future, more 
and more of these projects will be con- 
tracted to industry. This may come in 
the Voyager series.” 

Dr. F. E. Goddard, head of ad- 
vanced planning, said details as to how 
JPL will spend much of its additional 
funds are yet to be determined because 
the unmanned program is under re- 
examination “to see that it will support 
Apollo to the fullest possible extent.” 

“Certainly, industry will have to pro- 
vide a lot more of the known central 
needs of the program,” he said. “This 
means more vehicles, tracking capa- 
bility, and technical development in all 
fields. In order to accelerate the pro- 
gram, we will have to fire more vehicles 
in development and operational test 
runs.” 

e Trend toward contracts — A 
highly reliable industry cue is provided 
by JPL’s outside spending in the past 
two years: In Fiscal 1961, the lab 
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spent $50 million of its $79-million 
budget outside, and in the current year 
expects to commit $116 million of its 
$156-million budget to business and 
industry. 

JPL has 262 contracts, with a cur 
rent total face value of $52 million, 
These range from study programs to 
contracts for development of flight hard- 
ware and ground support equipment, 
with the main portion involving elec 
tronic design and fabrication. They also 
include contracts for JPL’s continually. 
growing facilities. 

In addition, the lab spends about 
$500,000 a week through its purchasing 
section for everything from paper clips 
to basic off-the-self spacecraft items 
such as harness assemblies. The lab’s 
latest six-month report shows that about 
70% of the purchasing section awards, 
totaling 40% of money spent, go to 
small business 

As a non-profit organization oper- 
ated by CalTech under NASA contract, 
JPL’s policy is to spend the major por- 
tion of its funds outside the laboratory 
“We have no intention of becoming 
engaged in production-type activities in 
competition with industry,” JPL 
Director Dr. William H. Pickering 

Pickering’s deputy for business ad 
ministration, Val Larsen, whose sup 
port organization employs more than @ 
third of JPL’s staff, said the laboratory’ 
problem “is to get this big job done, 
and we don’t have the facilities of 
manpower to do it in-house.” JPL has 
a staff of 2847, of which 863 are sci 
entists and engineers 

“What must be done here is funda- 
mental research, origination of concepts, 
and some advanced development work 
on hardware that might be used to ac 
complish a mission five from 
now,” Larsen said. “There are certain 
components or subassemblies which are 
beyond the present state of the art and 
which must be proven feasible beforé 
they can be handed over to industry 
for further development.” 

@ Other factors—In addition to im 
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This new answer to 


INDUSTRIAL REMOTE 
VIEWING PROBLEMS 








cuts costs 
~ ... shortens 
delivery time 


To overcome the problems in many 
industrial remote viewing applica- 
tions involving water, gas, heat, pres- 
sure, radioactivity—Kollmorgen now 
offers precision modular periscopes. 
These American made instruments 
are available for almost immediate 
delivery. Contrary to many current 
price trends, modular periscopes are 
available at about one-third the cost 
of custom designed periscopes. 

From precision components, the 
periscope assembles easily with only 
spanner wrench and screwdriver. A 
large assortment of varying tube 
lengths, elbows, eyepieces, and ob- 
jectives, permit construction of nu- 
merous configurations. Completed 
periscopes can be reassembled into 
entirely different configurations to 
provide wide applicability. 


Kollmorgen modular periscopes feature 
@ Low purchase price. 


e Erect images at any angle of 
bend. 


e Rugged construction for 
heavy duty, maintenance-free 
service. 


@ Sealed joints for use under- 
water. 


e Easy mounting through, over 
or around walls, barriers, any 
viewing obstacles. 


e Full warranty backed by fifty 
years of Kolilmorgen quality in 
optical/electronic/mechanical 
systems. 


This Kollmorgen system is typi- 
cal of solutions to specialized 
requirements. Write for illus- 
trated brochure containing spec- 
ifications. Write Department 611 


PRESENT US WITH A PROBLEM 
KX KOLLMORGEN 
c b ; 


NORTHAMPTON, MASSACHUSETTS 
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creased space effort, there are two other 
factors which should mean a rise in the 
amount of business JPL lets out: 

—The continual demand for new 
capabilities. 

—Plans to turn over to industry 
some of the work JPL now does in- 
| house as a matter of its own staff 
training. 

When full responsibility is kept in- 
| house, JPL goes to its technical divi- 
| sions for the subsystems. The divisions, 
in turn, almost always go to industry. 
In the second case, JPL selects a con- 
tractor to design, build and fire the 

vehicle. 
Parks pointed out that even when 
JPL retains full responsibility, a high 
| percentage of the money goes off-lab— 
about 75% in the case of Mariner, 
which currently accounts for about 95% 
| of the entire planetary program budget. 
In the lunar program, JPL has re- 
tained Ranger in-house, while contract- 
ing for complete spacecraft systems 
responsibility for Surveyor. JPL de- 
veloped the prototype vehicle for 
Ranger and then asked about 1500 sub- 
contractors and suppliers to provide the 
hardware. 

Prospector, on which decisions still 
are to come on how it can best support 
Apollo, will be an out-of-the-house 
program. 

e Contractor contracts—In outlin- 
ing procurement policies, Larsen em- 
phasized that the lab is a contractor 
to the government in the same way 
an industrial firm may be a prime con- 
tractor. Thus, in working under JPL 
contract, a firm is, in effect, dealing 
with “another commercial organization” 
| under subcontract. 

If the laboratory knows exactly what 

it wants as to specifications, the in- 
| dustry assistance and evaluation group 
| provides a list of qualified firms who 

are asked to submit proposals. The re- 

sult usually is a fixed-price contract. 

Cummings gave M/R this rundown 
| on procurement procedure involving a 
major project such as Surveyor: 

“A lot of people in industry are 
doing informal studies based on very 
| broad guidelines. They develop con- 
| ceptual advanced studies and then ask 
for a preliminary run-through on our 
| thinking in hope of getting us to react. 

We agree to these presentations on the 
| basis that these people definitely have 
| something to contribute. We gain some 
| ideas, and, we hope, they get a better 
picture of our thinking. 

“Meanwhile, as the status of launch 
| vehicles and overall scheduling and 
funding begins to ripen in NASA plan- 

ning, we go to NASA headquarters 

with a preliminary project development 
plan. This gives NASA a broad out- 
| line of what we expect to set forth 
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on mission objectives, scheduling, ang 
gross funding. We also indicate projeq 
management and procurement proce 
dure. 

“After NASA approves it, we are 
free to invite 30 or 40 contractors to 
a bidders’ conference. In the lung 
program, we want those who have beep} 
here before and have something worth! 
while to contribute, those with obvious} 
systems talent. In the planetary pro} 
gram, you get a different twist—they| 
may be looking for subsystems con.| 
tractors. . 

e Spreading the word—“At the| 
conference, we try to give good in| 
formation so those attending can pag} 
it on to the subsystems people. In the} 
Surveyor program, conference tap 
recordings were sent to all who attended 

“Our object at this stage is to choose 
some contractors who will perform the] 
competitive (partially or fully funded) 
studies. For this we want organizations} 
that can go beyond the study stage and! 
perform the full responsibility. 

“But we do not want a technica 
proposal at this time. We want a pro] 
posal on how a contractor would carr 
out the study, how he would manage 
the project, and how he would organize 
to handle the actual hardware program 
The selection process is very sensitive 
to what he plans to do. We also want 
the names of the (company) people who! 
actually will be doing the work 

“After these proposals are in, wel 
select the few competitive study con 
tractors who really can do what they say | 
they can do. We select, say three, to do 
a formal (paid) study. We provide them 
with the requirements and constraints 
as the basis for their competitive design 
studies. 

“When they have finished, they tum 
in the studies along with their proposals 
for implementing the program and 
their proposal on program approach— 











how many test vehicles, how much} 
money, phasing, manpower. ; 
“Next, a source evaluation board 


is formed of senior JPL people and 
NASA representatives. The board's 
findings are given to the NASA Admin 
istrator. He makes the selection, and 
then we can enter contract negotiations.” 

Cummings said JPL is “not inter- 
ested” in unsolicited proposals by the 
time the bidders’ conference is called 
However, JPL welcomes all informal 
proposals. 

Since Dec. 3, 1958, when the gov 
ernment-owned laboratory was trans 
ferred to NASA, JPL has built up é 
capability to conduct any phase of sys 
tems work and research on unmanned 
space missions. 

Following transfer to NASA, JPL 
underwent a complete reorganization 
which resulted in creation of eight tech 
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nical divisions: systems, space sciences, 
telecommunications, guidance and con- 
trol, engineering mechanics, physical 
sciences, engineering facilities and 
propulsion. 

Support activities were grouped 
jnto six service and support divisions: 
personnel and technical services, pro- 
curement and contracts, financial man- 
agement, plant engineering services, 
material services, and _ fabrication 
services. 

e Shopping—In keeping with the 
policy of “making the fullest possible 
use of industry,” the technical divisions 
often go off-lab for 60% or more of 
their needs. 


Dr. Albert R. Hibbs, chief of the 
space sciences division, mainly con- 
cerned with scientific instrumentation 
with which to explore space, said his 
organization prefers to have industry 
develop its flight hardware. 

“But we customarily do not turn to 
industry for scientific research,” he 
added. “We find that generally the 
stronger scientific inputs and research 
concepts come from universities, where 
the people have time to devote thought 
to it.” 

Fabrication services division is an- 
other example of how JPJ. must go 
outside to fill its needs. The division, 
while operating a fully-equipped ma- 
chine shop, can provide only 20% of 
what must be fabricated for research 
and development purposes. 

e Plant growth—JPL's 140-acre 
Pasadena installation, which currently 
consists of 180 buildings totaling 598,- 
000 sq. ft., three wind tunnels, and 180 
leased trailers, is authorized in its FY 
‘61 and ‘62 construction program to 
spend $10.6 million for another 291,- 
000 sq. ft. of office, laboratory, and 
shop space. In FY ‘63, JPL plans to 
add another 180,000 sq. ft. of similar 
facilities at a cost of $7.3 million 
Present facilities are worth $35 million 


Existing facilities, in addition to the 
Pasadena installation, include the Deep 
Space Instrumentation Facility spread 
over 50 sq. mi. at Goldstone Dry Lake, 
Calif, and consisting of two 85-ft 
antennas and 16 support buildings; a 
590-acre propulsion research and de- 
velopment facility at Edwards AFB, 
Calif.; and engineering and testing in- 
stallations at Cape Canaveral, Fla. The 
DSIF also has stations at Woomera, 
Australia, and Krugersdorp, South 
Africa, with giant receiving antennas. 

The Edwards AFB installation, 
which has four test stands and employs 
50 persons, is in the process of adding 
$1.3 million in new structures for solid- 
propellant research, including a new test 
area and a solid-propellant processing 
facility. is 
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The increased responsibilities of the 
Laboratory have created several re- 
warding assignments for work in 
research and development. 
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Mainly for Unmanned Craft 


GODDARD Space Flight Center, 
newest of NASA's nationwide complex 
of installations, is expected to receive a 
25% increase in its FY °63 budget to 
push the unmanned satellite program. 

The 25% boost would increase 
spending at Goddard to about $250 
million a year. 

Moreover, Goddard will receive an 
additional boost in funds from the 
Weather Bureau specifically for the de- 
velopment of weather sateilites. 

The bulk of Goddard's budget will 
continue to be spent on the unmanned 
satellite program. However, the center 
is also expected to play a major role in 
tracking in the Apollo program. 

Judging from precedent, industry 
can expect to get upward of 80% of the 
Goddard budget for contracted R&D, 
which includes money for supplies and 
materials for the Center’s in-house re- 
search. 

e $162 million for R&D — Since 
Goddard’s end product is scientific data, 
the Center’s organization chart reflects 
a corresponding emphasis. Thus, of the 
four assistant directors reporting to the 
Center's director, one is in charge of 
“Space Science and Satellite Applica- 
tions,” and the other, “Tracking and 
Data Systems.” The two remaining as- 
sistant directors take care of technical 
services and administration. 

The Space Science and Satellite Ap- 
plications group—the largest, with be- 
tween 600 and 700 people, has two ap- 
plication satellite programs: meteoro- 
logical and communications. R&D for 
these command the most money—$62 
million out of Goddard’s $162-million- 
budget for FY ‘62 R&D. (Goddard's 
total budget for FY °62 is $206 mil- 
lion. ) 

Runner-up is the scientific satellite 
program, budgeted at $44 million for 
R&D. 

© Application sutellites—The me- 
teorological satellite program consists 
of Tiros, Nimbus and the follow-on 
Operational weather satellite, Aeros. 

Three Tiros satellites have already 
been successfully launched and five 
More launchings are planned for the 
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next year and a half. Intended to 
scout the earth’s cloud cover, the ad- 
vanced Tiros satellites will see succes- 
sive growths in their infrared instru- 
mentation, with continuous orientation 
to the earth for photo purposes. 

First launching of the second-gener- 
ation weather satellite Nimbus is ex- 
pected toward the end of next year. 
From that time on, one Nimbus is to be 
operating in orbit almost continuously. 

R&D for the 24-hour meteorological 
satellite Aeros is not expected to start 
for a few years. Studies indicate, how- 
ever, that the operational system will 
use three or four satellites displaced 
around an orbit. 

Only now being figured into NASA's 
planning is one factor that may spur 
the meteorological program on: early 
in October, President Kennedy signed 
a bill giving the Weather Bureau $48 
million to carry out a weather surveil- 
lance program. Of this money, Goddard 
will receive and spend about $45 million 
on systems management. 

“Our job is to provide and operate 
the weather satellites and ground sta- 


tions,” a top NASA official told Mits- 
SILES AND ROCKETs. “We're starting 
now.” 


This $45 million—part of the sup- 
plemental FY °62 budget—will enlarge 
Goddard's staff beyond the projected 
2300-man payroll expected by the end 
of this calendar year. 

® Communications satellites — The 
communications satellite program, com- 
prising passive and active types, is get- 
ting a big push because of commercial 
as well as government interest. 

Next year, the 135-ft.-balloon Echo 
Il, a passive communicator, is to be 
launched. Subsequently, under the Re- 
bound project, an attempt will be made 
to launch three or more Echo-types 
from a single Atlas-Agena vehicle and 
to disperse them in orbit. 

Among the active communications 
satellites Goddard is involved in are: 
Relay, an active transponder being de- 
veloped by RCA for launch in late 
1962 or early 1963; Syncom, a 24-hr. 
repeater with spin and altitude stabiliza- 


tion, being developed by Hughes for 
late 1962 or early 1963 launch; and 
Telestar, an AT&T experimental indus- 
try communications satellite, the first of 
four scheduled for 1962 launching. 

Goddard scientists say that the big- 
gest problem is to develop a communi- 
cations satellite that will continue to 
operate for long periods. Solving this 
problem involves getting an altitude 
control with adequate reliability, and a 
power supply that is rugged, light, and 
long-lived—this last, the universal quest 
of equipment developers. 

e Scientific satellites The scien- 
tific satellite program includes orbiting 
solar observatories (OSO), orbiting as- 
tronomical observatories (OAO), orbit- 
ing geophysical observatories (OGO), 
an atmospheric structure satellite (S-6), 
a series of satellites for international 
programs, principally geodetics, and 
several others. 

Preparations are now being made 
for launching an OSO—a stabilized 
satellite whose instruments point at the 
sun. About six OSO’s are expected to 
be sent up in the next two or three 
years; after this, improved OSO’s will 
be sent up in a continuing program. 

The plan is to start launching OAO’s 
in late 1963 or early 1964, and con- 
tinuously after that. The hope is to have 
one operating in a satisfactory orbit at 
all times, which may involve one or two 
launches a year. 

OGO will be the workhorse for the 
geophysicist, taking from 30 to 50 dif- 
ferent experiments on each satellite. The 
1000-Ib. satellites—scheduled for first 
launch in 1963—will be sent on polar 
orbit (POGO) or on a highly elliptical 
orbit (EGO) similar to the Explorer 
Xil. 

The S-6 will be sent up next year 
to measure density, pressure, tempera- 
ture and composition of the upper 
atmosphere. 

The first of the international scien- 
tific satellites (S-51) will be launched 
for the United Kingdom in 1962. A 
second U.K. satellite (S-52) is in early 
phase development. Goddard is also 
providing management for launching a 
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Canadian topside 
sounder (S-27) 
which is to go into 
a polar orbit in 
1962. 

e Tracking and 


: Contracted R&D 
Another $44 mil- mace 


lion of the Center’s 
FY °62 R&D 
budget will go to 
industry for track- 
ing and data work, 
which includes up- 
dating equipment, 


Salaries & Expenses 


Total 


part of Goddard. 


Funding for Goddard Space Flight 


Construction & Expenses 


Center 
(millions of dollars) 


FY ‘63 
fest.) 


200 
37 
15 


206 252 


* Includes $87 million to support the Space Task Group, then 





and operating and 
maintaining Mercury 
networks. 

For manned spacecraft such as the 
coming A pollo, Goddard directs a global 
ring of stations which provide tracking, 
telemetry and communications activi- 
ties. Dual IBM 7090 computers, with 
“real-time” channels, make constant 
flight contingency recommendations and 
predict flight paths, impact points of the 
capsules and velocity vectors on a near 
zero-lag continuing basis during the 
mission. 

The tracking problem for unmanned 
as well as prospective manned vehicles 
is expected to grow increasingly diffi- 
cult, particularly with scientists wanting 
increasingly radical orbits. Moreover, 
the data-handling and reducing problem 
becomes monumental. 

“We're good customers of the com- 
puter companies,” a NASA engineer 
said. “We're always on the lookout for 
ways to handle our data faster and 
cheaper. Man, what we wouldn't give 
for this!” 

For each hour Explorer XII is in 
orbit, it costs the Center an hour of 
data reduction. In 32 days, the satellite's 
telemetry filled 3200 magnetic tapes. 
“We could never reduce all the data,” 
the engineer added. He pointed out that 
the center has five IBM 7090 computers 
and also rents time outside, “and it’s 
still an unrealistic job.” 

Even so, the Center is striving to 
cope with the problem. The data hand- 
ling group was expanded recently and 
is trying to do as much data reduction 
as possible for the experimenters—short 
of final scientific reductions. 

© Sounding rockets—The sounding- 
rocket program—the upper-atmospheric 
program that came from the Naval Re- 
search Laboratory—accounts for $7 
million of the R&D budget. The vertical 
probes are used for exploring in and 
beyond the earth’s atmosphere. They 
are also used to test out instruments 
destined for satellite work. 

The 1961 schedule called for 83 
Goddard-managed sounding rockets to 
be launched. Over 175 launchings are 
planned for 1962, and these include 


and Minitrack 


some shots made in cooperation wif 
England, Australia and Japan. 

Other R&D programs amounting 
$2 million bring the total Center 
penditure for contracted R&D for 
62 to $162 million. 

The total R&D program budgeti 
is based on “incremental” programin 
that is, programs are budgeted on 
yearly basis. (Goddard's budget dog 
not include the cost of launch vehicle 
which are paid for out of NASA heag 
quarters money.) 

® Goddard's non-R&D money 
Approximately $28 million out of % 
Center's current budget is going fe 
salaries and expenses, which include 
equipment and computer rentals in ad 
dition to building rentals. Moreover 
$16 million is earmarked to contin 
the Goddard construction program 
this figure also includes $6 millio 
for Minitrack network buildings and 
facilities. 

The Center is located on 550 acre 
in a rural area near Greenbelt, Md 
about 10 miles northeast of Washington 
With four major buildings complete 
and occupied and four more under cos 
struction, the space agency complex 
comprise 11 buildings before the en 
of 1963 at a total more th 
$37 million. 

Most of Goddard's personnel 
at the Greenbelt site or occupying te 
porary space which will be vacated 
soon as the appropriate Center buildin 
are finished. However, some membef 
are operating world-wide tracking net 
work stations under Goddard's far-flung 
operational communications wing. 

In May, the Goddard Institute for 
Space Studies was established in New 
York City. Its mission is to build w 
the space program in its broadest sciet- 
tific aspects. Headed by Dr. Rober 
Jastrow, the facility was put in New 
York so there could be an easy inter 
change of ideas between NASA and the 
universities. There are 25 people in the 
group now—fellows, professors an¢ 
graduate students besides NASA per 
sonnel—and it is expected to go t 
about 40. 


cost of 
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| e Selling to Goddard— All the 
money that Goddard spends with indus- 
try goes through the Procurement and 
Supply Division, headed by G. H. Tyler 
Usually, major procurement—essentl- 
ally R&D—commands 90% of the 
money, leaving about 10% for standard 
purchases such as off-the-shelf items 
Goddard buys all the equipment and 
facilities needed to support its mission con f rol S 
Potential R&D contractors and pro- . 
spective suppliers are strongly advised 
to make their initial contact with H. J 
O'Toole, Chief Facilities Source Office, 
Goddard Space Flight Center, Green- 


m agnettic 





conip airy 


belt, Maryland. (The present physical has made 
location of this office is in Washing 
ton, D. C.) 
Since O'Toole is fully informed 
about the needs of Goddard, he brings 
SS technical personnel into meetings with 


appropriate Center R&D contractors 


Where needed, he performs a similar Y ve @) 
service for suppliers 


In addition, O'Toole circulates to in- 





terested Center personnel the company 
literature and brochures furnished to | E NVI p E xd A | U ke a 
him. Moreover, he maintains the pro- 
- 
with Goddard are urged first to write a 4 
for these é| 
for being entered on bidders’ list); (2) HOR 
tific and engineering staff (for R&D 


curement source file which is the basic 
letter to O'Toole, including with it: (1) 

c . P ) 
DD Form 558-1, which is supplement MESSI le ‘ 
contracts); and (4) supporting bro- 


reference file used by the Procurement 4 
and Supply Division ( O N | R @) | 7 ix 
Companies wanting to do business : 
\ 
Standard Form 129 (application form 
to Form 129; (3) biographies of scien- 
chures and other pertinent literature 


‘eekly (The forms can be had from any gov- 
: ton ernment purchasing office, civilian or 
military.) 
‘ ne 
ge © The division is adamant about not 


/ and wanting “strollers” or subcontractors to 
ber, 3 visit. 

The Division also suggests that sup- 
ularly | pliers of parts and equipment corre- 


basis. | spond rather than visit—unless a unique 





product or breakthrough is involved. If Missile manufacturers demand light, accurate, reliable 
a visit is planned, then the Division rec- ‘ : 
ommends that a letter be sent to set gyro temperature controls—delivered on time. Mag- 


up an appointment. 


RAD pensesds under cnc cillice netic Controls Company pioneered this field in 1952. 


dollars may be evaluated by a Board Since then we have reduced the weight and size of these 
of technical and business personnel. The Bs ie » as 
socurement decision is made by the controls by 90% while increasing accuracy and reliabil- 


contracting officer. 


ity. This is why so many missile makers rely on Mag- 
When the proposal involves expendi- y y ‘ ’ y B 


tures of over one million dollars, the netic Controls Company. For experienced advice and 
| Board evaluates it according to pre- : me : ; , 
| @isbliched criteria. and the decision is ef detailed facts on specific applications, phone or write: 


made by the Center’s Director 
When over $5 million is involved, 


the Board again evaluates but the final MAGNETIC CONTROLS COMPANY 


decision is made by the NASA Admin- 6419 CAMBRIDGE STREET @ MINNEAPOLIS 26, MINN. @ WE. 9-4691 
trator. (These procedures do not apply ws 
to building construction contracts. ) % = Heat Control Systems e@ Static Inverters @ Voltage Monitoring Systems 
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WOO Awaiting West Coast Upsurge 


Staff of Western Operations Office being doubled 


in anticipation of lunar program; business now tops $603 million 


THE WESTERN Operations Office 
—nicknamed WOO—is NASA's con- 
tract manager and technical watchdog 
on the West Coast. 

As WOO Deputy Director Donald 
R. Mulholland explains it: “We receive 
a steady stream of queries from NASA 
centers asking what is going on in in- 
dustry. We go and ferret out the infor- 
mation.” 

However, the primary mission of 
WOO, which has no R&D facilities, is 
contract negotiation and the manage- 
ment of R&D contracts with West Coast 
companies. 

In FY ’62 alone, WOO Director 
Robert W. Kamm expects his group to 
disburse nearly $300 million in con- 
tracts. In the same period, WOO’s in- 
ternal budget is only $1.4 million. 
WOO’s staff is currently being nearly 
doubled to 119. 

© The Big Seven—tThe office cur- 
rently lists on its books 201 contracts, 
worth $603,030,000. Of this number, 
WOO actually has contract management 
responsibility for only 62, acting in a 
supporting role on the others. The 62, 
however, add up to $535,409,000—of 
which all but $3.6 million is contained 
in seven major contracts. 

The seven include: California In- 
stitute of Technology’s Jet Propulsion 
Laboratory, $227,190,000; Saturn S-1V 
(Douglas Aircraft Co.), $81,890,000; 
Saturn S-II (North American Avia- 
tion), $975,000 (currently negotiating 
for a nominal size of $150 million); 
F-1 engine (North American Aviation), 
$109,358,000; H-1 engine (North 
American Aviation), $37,525,000; J-2 
(North American Aviation) $46,450,- 
000; Delta vehicle (Douglas) $28,353.- 
000 


Earle J. Sample, WOO's contracting 
110 





ROBERT W. KAMM 
Organized across-the-board for big push 


officer, gave this rundown on contracts 

“The 62 contracts have been as 
signed to this office for contract man- 
agement. The remainder are contracts 
on which I am not contracting officer, 
but on which this office has been dele- 
gated a supporting role of some sort. 

“This includes project monitoring, 
perhaps making payments, and giving 
expediting assistance. In some cases, a 
NASA center feels that the contracting 
officer ought to be at the center. A con- 
tract may be somewhat sensitive. Some- 
times a contract may not be big enough 
to warrant the administration delay of 
transferring it out to us. It may be a 
one-shot study job.” 

e Subcontract control—In explain- 
ing his role, Sample said that in the 
event a contractor, such as the Jet Pro- 


pulsion Laboratory, wants to place 4 
subcontract, it must obtain his permis 
sion and provide assurance that the 
proposed subcontractor can perform 
technically and financially and that his 
price is fair. In the case of small sub- 
contracts which do not require prior 
consent, Sample maintains surveillance 
by reviewing purchasing procedures 

In project monitoring, members o! 
the technical staff act as on-the-spot 
representatives of NASA project offices 
that are involved. 

Still another part of the technic: 
mission is quality engineering 

“Our technical people, through su 
veys and inspections, evaluate the effec 
tiveness of the contractors’ quality and 
reliability programs, and make recom 
mendations where improvement is 
needed to meet NASA's high reliability 
requirements,” WOO director Kamm 
said. 

© Balanced team—To meet its tasks 
WOO has an “across the board organ 
zation” which includes contract admin 
istrators, engineers, scientists and at- 


torneys. In addition to the technica 
division, there are divisions for con 
tracts management, financial manage 
ment, administrative services, security 


and public information, WOO also has 
a legal office employing three patent 
attorneys. 

An added responsibility is providing 
administrative support for personne 
which other NASA centers assign to 
projects in the Western area. About 50 
NASA representatives currently are on 
such assignment, including those in 4 
headquarters audit group, an Agené 
project group at Sunnyvale, Calif., and 
a Centaur project group at General } 
Dynamics/ Astronautics in San Diego, 
Calif. & 
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FMC 
TRACKED 


MOBILITY 


FOR THE 
PERSHING 


ORPORATION 


Circle No. 82 on Subscriber Service Cord 


Firepower plus mobility . . . that’s the 
Army’s new Pershing missile system. 
Firepower supplied by The Martin 
Company’s 2-stage ballistic missile. 
Ground mobility provided by fully- 
tracked XM474 vehicles designed and 
built by FMC. The vehicles carry all 
elements of the Pershing system — the 
missile, the transporter-erector-launch- 
er, communications and fire control 
equipment, nose cone unit and power 
supply. The XM474 vehicle uses mili- 
tary-standardized power train and 
suspension components, common to 
the Army’s M113 APC. The use of 
these standardized, proven components 
means low cost, low maintenance, and 
high reliability. Let FMC apply its 
experience to your mobility problems. 
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Pulse modulated control rocket fired 


Bipropellant, integrated rocket 
design developed by Vickers 
for space vehicle control 


Successful firing of a pulse modulated 
bipropellant control rocket at the Re- 
search and Development Laboratories 
of Vickers Incorporated marks a sig- 
nificant upward step in space vehicle 
control devices. The pulse rocket fea- 
tures a unique integrated design con- 
cept to insure reliability, fast response, 
high efficiency and low power input. 


Higher Reliability with Less Weight— 
The single solenoid design insures per- 
fect synchronization of fuel and 
oxidizer valves. It also accomplishes 
the objectives of reducing weight and 
increasing reliability. Shortened flow 
passages of manifold design for the 
hypergolic bipropellant (N,O, and 
N.H,/UDMH,) further reduce overall 
weight and provide added structural 
strength. 


High Response and Efficiency—Elec- 
tric power input and overall system 
response are optimized for best per- 
formance. The unique design approach 
combining system integration and op- 
timization results in response time in 
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the order of a few milliseconds, excel- 
lent repeatability of impulse bits, and 
power input requirements of only a 
few watts. 


Logical Extension of Know-how— Vick- 
ers unmatched experience in design 
and development of fluid power con- 
trols, components and systems with a 
particular emphasis on low weight, 
high response and high reliability pro- 





rocket 


Prototype pulse 
designed for thrust level 
of 1 lb. Basic design con- 
cept is applicable to any 
forseeable control rocket 
thrust level. 


Recording of pulse rocket 
firing showing typical 
system response. 


Technicians prepare 
prototype pulse rocket 
firing during one of con- 
tinuing series of tests. 


Firing of integrated de- » 
sign, pulse modulated 
control rocket at Vickers 
Research and Develop- 
ment Laboratories. 


































base for work in the 


field of space 


vides a solid 


relatively new vehicle 





reaction controls. The intensive de- 


velopment program has evolved a 


basic design principle that can be 


readily applied to provide control 
rocket thrust levels to meet any for- 


seeable requirements 


Get more details by writing for Bulletin 
A-6005. Vickers Incorporated, Division 
of Sperry Rand Corporation, Detroit 


32, Michigan. 
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Cameron torgings have pushed 
out beyond tradition. Over ten 
vears ago we perfected presses 
and practices which produced 
ferrous forgings with some- 
thing entirely new in size 
shape and properties. Our case 
histories accumulated during 
the past decade reflecta steady 
flow of successful solutions to 
forging problems in a wide 
range of new applications 
These include extreme service 
components for jet engines, 
guided missiles and nuclear 
power plants — refractory ma- 
terials for service temperatures 
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to 5000° F — exotic metals and 
many others. 


{re you trying to win the space 
race with old fashioned forg- 
ings? If your design problem 
involves high stresses, high 
temperatures, or large intri- 
cately shaped ferrous parts, 
maybe we can help. Just call, 


write or come by 


we 


~“AMERON IRON WORKS. INC 


SPECIAL PRODUCTS DIVISION 
P. ©. BOX 1212 HOUSTON, TEXAS 
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Between this man’s hand and a 5,000°F oxy- 
acetylene torch flame is a % inch section of 
G-E silicone rubber. After 30 seconds exposure, 
the back-side temperature reaches only 100°F. 
In actual plasma jet tests, the same thickness 
of silicone rubber was exposed to a 9,000°F 
heat for 6 minutes. The back-side temperature 
rose to only 470°F, with 70% of the rubber 
remaining intact. 


Thermal barrier against 5000 F flame 


GENERAL ELECTRIC SILICONE RUBBER 


The surface of the tested rubber section forms 
a hard, carbonaceous crust, while the underside 
remains flexible and undamaged. Preliminary 
tests showed the effective heat of ablation to be 
eight times better than presently used plastics, 
with one-seventh the rate of ablation and one 
fourth the weight loss. Here is an excellent 
ablative covering with low thermal conductivity 


RESULTS OF PLASMA JET TESTS AT 9,000°F 


Fligh 


t Simulatio: 


l 


Alt. = 250.000 


v 


Exposure time 
at 9,000°F 
30 seconds 

2 minutes 
3 minutes 
4 minutes 
5 minutes 
6 minutes 


The above chart shows how the high thermal in- 
Sulation of G-E silicone rubber is maintained dur 
ing exposure to 9,000°F heat. It is also useful in ! Philadelphia 
mechanical and electrical applications at tempera typical specimen 
tures from —150°F to 600°F, where it remains in an 
resilient and flexible. It also maintains its excel- nel. Continuous 
lent physical and electrical properties over this 
wide temperature range for extended periods G-E si 


Continued high temperature t 


Con 
{ 


esting goes on 


Electric's Mi e af 


undergoing plasma je 
electric arc heated 
testing Ke 
new jata nr 1e therma 
ne rubber 


To learn more about G-E silicone rubber, and its uses as a thermal and ablative material, 
write: General Electric Company, Silicone Products Dept., Section 01161 Waterford, New York. 


GENERAL @@ ELECTRIC 
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if it’s not green cheese — Beckman will tell you what it is 


on at 

— One day soon an unmanned lunar probe will reach out, 
esting grab a handful of the moon’s crust, and feed it to a 
dhe Beckman® chromatograph. This remarkable instrument 
ses | will identify the composition of that sample - provide 
clues to the origin of the moon, solar system and 


even life itself. Other Beckman instruments essential 


to space exploration include: satellite data process- 
; : = Tfet aaat-lale INSTRUMENTS, INC 
ing, rocket propellant analysis, space capsule air A iigetey 


monitoring, radiation analysis, physiological monitor- 
ing. Address inquiries to Manager, Contract Sales. 
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Cape's Billion-dollar Launch Complex 


Launch Operations Directorate due for 500% increase in funding next year 


matching hikes in personnel and land area 





DR. KURT DEBUS 
His staff and budget begin to quintuple. 
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THE VAST Cape Canaveral space- 
port, from which multimillion-pound- 
thrust boosters will soar to the moon 
and beyond, will cost the United States 
well over $1 billion by 1970. 

For FY 1963 alone, NASA’s Launch 
Operations Directorate at the Atlantic 
Missile Range is seeking a total budget 
of $500 million. Some $246 million 
would be earmarked for the U.S. 
manned lunar landing program, $17.8 
million would go to R&D activities, $9 
million for salaries and expenses, and 
$8.5 million for plant support. 

In FY °64 and FY ’65, it is esti- 
mated, the Cape’s budget will hit $200 
million annually. 

The sharp upsurge in spending 
compares to a FY °62 budget of a little 
over $100 million—$80 million for 
construction, $19 million for R&D, and 
$6.5 million for salaries and expenses. 

With the increased budget will 
come a corresponding increase in em- 
ployment. LOD’s total force will jump 
from the current 510 people to 800 by 
mid-1962. In the 1965-66 period, it is 
expected to soar to 5000. 

Both the funds and added personnel 
stem from the expanded U.S. space 
program, which is forcing a five-fold 
increase in the land area of NASA’s 
Cape Canaveral installation. It will 
jump from its present area of 20,000 
acres to 100,000 acres—25 miles long 
and 10 miles wide at its broadest point. 

Into the expanded area will go 
launch pads and facilities for giant 
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plans 
Saturn pad-building starts next year 
Saturn and Nova boosters, an indus- 


trial area, and support and management 





buildings. 

Land acquisition will be handled by 
the Jacksonville, Fla., district of the | 
Army Corps of Engineers. The first 
purchase, totaling $18 million, will be 
made shortly. Further funds to accom- 
plish the total land purchase—esti- 
mated to cost $60 million—will be re- 
auested from Congress early next year 

To meet its additional procurement 
needs, LOD is setting up its own pro- 
curement office. This had been handled 
earlier by the Marshall Space Flight 
Center to which LOD reports. 

e Planning for C-4—Top procure- 
ment officer in the new operation will 
be Gerard Michaud. His office will be 
awarding contracts for ground support 
equipment, research and development 
area, and facility support purchases. At 
present, the office has a small staff, but 
it may eventually employ approximately 
50 persons to handle the procurement 
and contract negotiation for the giant 
Saturn pads on which construction will 
begin next year. 





Plans and specifications for the 
giant pads were prepared by LOD up 
der the direction of Maj. Rocco Pe- 
trone—a U.S. Army officer currently 
on duty with NASA. 

So far, plans for the first Saturn 
pad are based on the premise that tt 
would be used to launch the Saturn C4 
boosters, which would have four F-! 
engines developing a total thrust in its 
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LOD DRAWING of planned Saturn C-4 launch complex with 
This version utilizes the 


two to three pads. 


first stage of 6 million Ibs. 

LOD’s specifications call for a Sa- 
turn C-4 complex with three launch 
pads, which would be capable of 25 
launches per year. Thus, the complex 
could easily handle the launch require- 
ments of the “orbital rendezvous” con- 
cept of space flight. All of the proposed 
configurations for the second-generation 
Saturn vehicle are slated to play a role 
in “rendezvous” if it proves feasible. 

Total cost of the complex is esti- 
mated by NASA officials at $300 mil- 
lion to $500 million. 

The most imposing structure will 
be the 450-ft.-tall Vertical Assembly 
Building. According to current plans, 
it will have six bays in which the giant 
Saturn vehicles will be assembled and 
checked out. LOD has also made tenta- 
tive provisions for a large building in 
which large solid boosters can be pre- 
pared if they are tabbed for a role in the 
lunar program. 

After checkout in the VAB, the 
launch vehicles will be moved to the 
launch pad, where an additional week's 
checking will take place. 

® Canals and Texas Towers—Two 
methods are being considered by LOD. 
One would utilize a giant transporter 
on a rail line. The second method calls 
for the construction of a canal and a 
barge transporter. 

LOD estimates that the barge-canal 
method would cost $250,000 per mile 
and the rail version some $4 million 
per mile. But the rail concept has cer- 


missiles and rockets, November 27, 1961 


rail transporter, 


tain advantages—including speed and 
more stability for the vehicle. 

The rail bed will have to be capable 
of supporting 6 million pounds. Its 
transporter will be 150 ft. long and 90 
ft. wide to handle the C-4’s planned 
396-in. diameter. The transporter will 
have a 350-ft.-high umbilical tower for 
C-4 launch and 20-ft.-long hold-down 
arms. 

In the barge-canal concept, a Texas 
Tower would be utilized to jack up the 
barge 40 or 50 ft. It is also possible 
that a lock in the canal could be used 
to boost the barge up to the height of 
the pad. The barge-transporter would 
be 150 ft. long and 110 ft. wide. 

In both plans the transporter and 
the umbilical tower are the core of the 
system because the vehicle will be fired 
from them. Each of them will contain 
all the electronic GSE needed for a 
launch operation. 

As soon as a final decision is made 
on specifications for the Saturn facility, 
LOD officials said, architectural and 
GSE design work will begin. Contrac- 
tors may be asked for proposals late 
next year. No one contractor is ex- 
pected to get the GSE work. 

This fast schedule will not apply to 
the launch pads for the giant Nova 
booster which will develop a total first- 
stage thrust of from 12 million to 20 
million Ibs. thrust. 

Total cost of three Nova pads will 
be well over $500 million and may ap- 
proach $1 billion. Each pad will be 


but would not differ too much if the barge-canal transporter 
concept were selected (see sketch on p. 118). 


capable of eight launches per year. 

The Nova gantry for each pad will 
be 450 ft. high and 20 ft. square at 
the base. The vehicle will be assembled 
and checked out on the pad. Because 
of the gantry’s immense size, it will 
be immovable; the booster will have to 
be fired through it. The gantry’s sides 
will be lowered to permit exhaust gases 
to escape. 

The vehicles will be moved to the 
gantry on large barges which will also 
be used as the launch pad. Upper stages 
will be transported by rail and a crane 
will be used to place them on the first 
Stage. 

e Spaceport buildings—Besides the 
electronic GSE which will be needed 
for both launch complexes, liquid hy- 
drogen-liquid oxygen storage tanks with 
a capacity of 500,000 gallons each and 
facilities for such high-pressure gases as 
helium and nitrogen will be needed. 

The launch pads are only part of 
the story. Other buildings—requiring 
millions of dollars of equipment and 
instrumentation—which will be built at 
Cape Canaveral include: 

—An engineering and administra- 
tive building. 

—A spacecraft assembly building 
which will be able to assemble and 
check out two Apollo spacecraft at one 
time. 

—A building to be used for the test- 
ing of various explosives used in the 
spacecraft system. 

—Quite possibly, a cryogenics man- 
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LOD’S CONCEPT of how a barge would be used to launch a Saturn C-4. The barge 
transporter under consideration would be 150 ft. long and 110 ft. wide 


ufacturing and storage building. 

In addition to the vast GSE pro- 
curement and launch pad construction, 
LOD’s other main function—besides 
the launching of vehicles with their 
payloads—will be in the area of re- 
search and development. 

Among the major areas and prob- 
lems which will be explored are: 

—Better ways of receiving data 
from the booster before and during 
launch. 

—Use of a water injection tech- 
nique to cut the terrific noise level 
problem for instrumentation and equip- 
ment which will result from the Saturn 
C-4 and Nova development. 

— Better firefighting methods during 
launch operations. 

— Problems in swinging and moving 
the heavy masses of the umbilical tower 
on the Saturn C-4 pad. 

—Blast effects of liquid hydrogen- 
liquid oxygen and similar studies of 
RP-1 and liquid oxygen. 


—Making canal transportation 
smoother. 
—The problems of long-distance 


digital transmission from the vehicle to 
the Vertical Assembly Building. 
LOD’s primary role is to provide 
the launch capability for the Marshall 
Space Flight Center. It also makes de- 


sign inputs when the launch range limi- 
tations may influence a launch vehicle 
configuration, and provides support 
services for other NASA installation 
personnel who are working at the Cape 

LOD’s director is Dr. Kurt Debus, 
whose official title is Director of the 
Marshall Space Flight Center’s Launch 
Operations Directorate. He reports di- 
rectly to Marshall’s director, Dr. Wern- 
her von Braun. 

Debus’ chief assistant is Dr. Gruen 
Major Petrone is responsible for LOD's 
manned lunar landing activities. 

An organization chart for LOD is 
not available at this time, because it is 
undergoing revision 

There has also been some consider- 
ation of a proposal to make LOD a self- 
supporting center which would report 
directly to NASA headquarters 

Best bet is that LOD will be re- 
lieved of its current responsibility for 
the construction of facilities to be used 
by personnel from other NASA centers 
Instead, the various centers will be re- 
sponsible for their own construction at 
Cape Canaveral, with LOD having 
master planning control. 

At the Pacific Missile Range—which 
LOD also runs—the construction au- 
thority probably will be given to the 
Goddard Space Flight Laboratory. *® 
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Wallops to Grow Slightly—If at All 


WALLOPS STATION — NASA's 
launch site for most of its sounding 
rockets and small scientific satellites— 
will be only marginally affected by the 
expansion of the overall space program. 

Following the limited expansion pro- 

ed for this fiscal year, the overall 
budget of Wallops should remain rela- 
tively constant and may actually decline 
as presently planned facilities are fin- 


In terms of procurement dollars, this 
NASA facility presents little potential 
to industry. All of its contract awards 
are on a fixed-price basis and consist of 
well-defined, specified electronics sys- 
tems or housekeeping services. 

To fulfill its mission of launching 
scientific experiments and gathering data 
from these payloads, Wallops has a total 
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Fiscal Year "62 budget of approximately 
$14 million. Of this, $3.8 million is for 
salaries and expenses, $4.0 million for 
support of the plant and operations and 
$6.3 million for updating and construc- 
tion of facilities. The total complement 
for the station is scheduled to increase 
during this fiscal year from 299 persons 
to 399. Much of this increase has al- 
ready taken place and employment at 
Wallops stands at a little more than 346. 

© Facilities available—Wallops Sta- 
tion actually consists of three separate 
pieces of real estate. The first is the 
Main Base—formerly the Chincoteague 
Naval Air Station—housing the admin- 
istrative and management groups as well 
as those technical services and shops 
not essential to launch operations, Also 
in this area is a prototype Mercury 
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tracking station and the East Coast 
readout station for the Tiros meteoro- 
logical satellites. 

On approximately 100 acres of the 
mainland opposite the Wallops Island 
launching facilities are three 60-foot 
antennas. Two of these are operated by 
the Massachusetts Institute of Technol- 
ogy for studies of re-entry physics. The 
third—operated by Wallops personnel— 
is used to track the scientific payloads 
launched from Wallops Island. 

Located on a sandy island off the 
Virginia coast are the five launch areas, 
the assembly and checkout buildings and 
the requisite blockhouses. At the south- 
ern limit of the launch area is the launch 
area and associated facilities for firing 
the Aerobee. Moving north, the next 
area consists of five extremely simple 
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launchers for small probe rockets, rang- 
ing from a 5-stage rocket system using 
an Honest John motor for the first stage 
to a small rocket for launching models. 

Probably the most elaborate and ex- 
pensive facility is the Scout launch area 
with its 105-foot, enclosed gantry and 
reinforced concrete-earth blockhouse. 

The two remaining launch sites— 
Little Joe and Trailblazer—consist of 
simple concrete pads, fixed camera lo- 
cations, terminal power and communi- 
cations facilities and the launchers 
themselves. The Scout blockhouse is 
equipped to check out, monitor and fire 
vehicles from these pads. 

© Programs, present and future— 
Since Wallops does not originate any 
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programs, it is primarily concerned with 
updating and keeping in good repair 
the launch facilities necessary to satisfy 
user requirements. During the current 
fiscal year, for example, approximately 
two-thirds of its construction money 
will be spent to update its tracking fa- 
cilities to meet the demands for near 
real-time data display. This improved 
tracking capability will increase the re- 
liability, performance, precision and 
range of the existing AN/FPS-16 and 
Mod II radar tracking systems. 

e Procurement policy—A_ fixed- 
price contract policy is possible, accord- 
ing to Wallops officials, because pro- 
curement is based on general perform- 
ance specifications for a specific piece 








of equipment or on past experience 
with range service requirements. 

The main areas of procurement in. 
terest are electronic equipment, particu. 
larly digital systems, electronic parts and 
repair and housekeeping services essen- 
tial to the Wallops mission. Louis T, 
Birch is the station’s procurement officer, 

A firm interested in doing business 
with Wallops, according to station of- 
ficials, should first write to Wallops 
outlining its capabilities and areas of 
interest. Then fill out a standard NASA 
Form 129 to apply for inclusion op 
the bidders’ list and, finally, since Wal- 
lops has a limited procurement staff, 
make an appointment to visit the in- 
stallation. bs] 


PMR Has Modest Launching Program 


Bulk of Test Support Office’s $1-2-million FY 1962 budget is earmarked for a new Scout 
site; small staff plays important role in coordinating numerous phases of missions 


ONLY A VERY SMALL portion 
of NASA's total space activity is carried 
on at the Pacific Missile Range. 

Just 11 NASA launchings are sched- 
uled from this facility through 1964. 
Funding for the space agency’s Test 
Support Office (TSO) at PMR for FY 
"62 will be between $1 and 2 million, 
mostly for construction of a Scout 
launch site at Point Arguello. 

“NASA's entire plant investment at 
Point Mugu and Arguello currently 
amounts to about $3 million. Some ex- 
pansion is indicated for the new Scout 
site. Also at Arguello, NASA will spend 
about $325,000 to modify a portion of 
the missile assembly building for space 
vehicle applications. 

Another $300,000 will be spent mod- 
ifying a Thor launch site (75-1) at 
Vandenberg AFB, formerly used for 
crew training and Discoverer-series fir- 
ings, for use in NASA Thor-Agena B 
tests. 

Other major existing NASA instal- 
lations at PMR are the Tiros command 
and readout station; Mercury tracking 
station at Kokee Park, Hawaii, and 
Canton Island; and the Mercury com- 
mand station at Point Arguello. The 
latter installation represents about a 
$1-million investment, including an 
FPS-16 5000-mile tracking radar. 

© Small but vital—Though small in 
staff (11 persons) and in budget, the 
TSO acts in support of several impor- 
tant NASA programs. First NASA 
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launch from PMR was Nerva (Nuclear 
Emulsion Recovery Vehicle) in 1960. 
Most recent was the successful BJOS / 
launching this month. Firings scheduled 
for TSO support in the future include 
Projects Nimbus and POGO, and sec- 
ond-generation Echo satellites—all in- 
volving the Thor-Agena B combination. 

For most launches, a_ specialized 
team is sent on temporary assignment 
to augment the small TSO staff. In the 
case of Project Mercury, for example, 
a seven-man team from the Space Task 
Group monitors operation of the Mer- 
cury installations. 

TSO is not independent—the staff 
is directly responsible to the Marshall 
SFC Launch Operations Directorate. 
Systems manager for TSO at PMR is 
Cdr. S. J. Burttschell, a Naval aviator 
with considerable missile experience on 
assignment to NASA. Cdr. Burttschell 
is responsible for final coordination of 
all NASA launch activities at PMR. 

Because of its close ties to Marshall, 
the support office makes few local pur- 
chases. PMR makes those that do not 
exceed $25,000. Whenever possible, ma- 
jor facilities are authorized by Marshall 
or directly by NASA headquarters, in 
accordance with PMR’s master plan 
and multiple-use concept. Contracting 
of this nature is handled through the 
Navy’s Bureau of Yards and Docks. 

A major problem for TSO/PMR 
and Marshall is formation of program 
decisions within the normal budget cycle 


of PMR. When NASA requirements 
can be delineated in time, the needed 
funds can be included in PMR’s budget. 
In the event of a program change or 
special requirement (such as the instal- 
lation of the Point Arguello Mercury 
station), NASA must pay for the facil- 
ity from its own program funds 

© Prime example—Perhaps the best 
illustration of TSO functions was the 
recent BIOS I launching. In this shot, 
the TSO was involved with almost 
every major NASA division 

Project management was the re- 
sponsibility of Goddard SFC: bioscience 
system management by Ames Research 
Center; physical science system manage- 
ment and launch vehicle system man- 
agement by the Launch Operations Di- 
rectorate, Marshall SFC. 

To further break down this “one- 
shot” operation, there was also direc- 
tion from NASA headquarters. The 
Office of Life Sciences Programs estab- 
lished requirements for BJOS and over- 
all project direction. The Office of Space 
Flight Programs implemented the pro- 
gram through Goddard. The Office of 
Launch Vehicle Programs implemented 
launch, tracking, and recovery opera- 
tions through Marshall, and the Office 
of Advanced Research Programs imple- 
mented bioscience experiments through 
Ames. 

Actual coordination of all pro- 
gram phases for mission execution was 
handled by TSO. & 
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1 GROWN-JUNCTION TRANSISTORS in satellite sur 
rive torture treatment: The satellite fell from atop a missile 
autier and bounced across a launching pad into a LOX- and 
iwosene-lilled ditch. The fuel in the ditch ignited and the satellite 
jrned for several hours. Result —TI transistors are still operative 
damatic proof of the high reliability of Tl units under extreme conditions 














Here’s Long-term Proof 
of TI Grown-Junction Transistor Reliability 


@ Only Texas Instruments offers life-test data 
from lots that have been continuously on operating 
life test for over five years — showing an extremely 
low average failure rate of less than 5 x 10 More 
than six-million life-test hours give you the industry's 
greatest source of reliability data for predicting TI 
transistor performance. 


@ Successful applications in thousands of circuits 
over the years testify to the consistent reliability 
o these TI units. 


@ Independent Quality and Reliability Assurance 
department augments TI's own production and testing 
know-how. . . independently measuring device reliability 
atevery manufacturing stage. Approximately one-million 
life-test hours monthly offer continuous verification of TI 
grown-junction reliability. 

i> 


TRANSISTOR 
PRODUCTS 
DIVISION 


8594 X 


— 


P.O. BOX 5012 ¢ DALLAS 22 


Circle No. 84 on Subscriber Service Card 


@ Low cost of TI grown-junction transistors is made 
possible through industry's wide acceptance and usage 
of these units in many applications, enabling TI to 
provide fast, cost-saving production in large quantities. 
Added savings in time and money too, through one- 
source purchasing from TI's complete line of military 
and industrial grown-junction types. 


Take advantage of the predictable reliability of 
these devices in your low frequency and switching de- 
signs. Call your local TI sales office or TI distributor now 
for immediate delivery in sample or production quantities. 


transistor 
Write on your company letter rehability 
head for TI grown-junction 3 4 
reliability data, application 
notes, data sheets or engineer 
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Celestial Navigation. Kollsman progress in the development of celestial tracking equipment 





has led to newly sophisticated star trackers for attitude stabilization and control systems for 
the NASA Orbiting Astronomical Observ } engineering and manuf teams 
are proud to participate with the Gen Lompal ima rcraft Engi- 
neering Corporation in this far-reac! expedition ition of the universe. 


APPLIED PHYSICS + SOLID STATE TECHNOLOGY + ADVANCED ELECTRONICS - ADVANCED MECHANICS + BIOASTRONAUTICS + SYSTEMS DEVELOPMENT + SYSTEMS ANALY YSTEMS APPLICATION 


Kollsman Instrument Corporation 


ELMHURST 73, NEW YORK. SUBSIDIARY OF STANDARD KOLLSMAN INDUSTRIES, INC 
Circle No. 88 on Subscriber Service Card 
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CALTECH’S JPL RANGER, 
to carry research instrument packages 
to the moon, will rely upon precision 
design, construction, testing and 
performance of Motorola electronic 


equipment. Comprehensive measurements 





of operational and navigational data 
the aboard will be assembled for transmission 


by its Flight Data Encoder. An all 


™m ie ; 
oon solid state Transponder generates 
requ ires the telemetry carrier, receives ground 
commands, and translates carrier 
Motorol 
. frequencies for two-way Doppler velocity 
systems measurements. % In laboratories and 
at launch site, Payload Test Sets will check 
reliability 


out the spacecraft RF communications 
system. At NASA’s transmitter and receiver 
sites, Calibration Beacons will check 
command transmitter performance and radiate 
precise signals to test telemetry receivers. 
% Motorola's participation in Ranger lunar 
probes demonstrates its space communications 


capabilities for frontier programs. 


Military Electronics Division q MOTOROLA 


CHICAGO 51, Illinois, 1450 North Cicero Avenue 
SCOTTSDALE, Arizona, 8201 East McDowell Road 
RIVERSIDE, California, 8330 Indiana Avenue 


Qualified technical personnel 
are invited to apply 
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FOR GSE, A GIANT CAPABILITY. ITT offers performance-proved facilities for complete handling of ground support 
equipment projects. Its comprehensive capability embraces concept evaluation, research, development, production, siting, installation, 
maintenance and overall system management. # Projects in which ITT has made major GSE contributions include ATLAS and TITAN 
(ground communications), BOMARC (test equipment, functional check-out and launching controls), LACROSSE (guidance and tracking 
equipment and flight control components), TARTAR (guidance components), TERRIER (beam rider guidance), and POLARIS (communication 
and navigation components). # Noteworthy, also, are ITT Federal Laboratories’ successes with the Eglin Gulf Test Range 300-mile “electronic 
scoreboard” for testing accuracy of anti-aircraft missiles, and complete instrumentation for monitor 
ing rocket tests at Edwards Air Force Base. = Currently, ITT Federal Laboratories’ Ft. Wayne GSE Group 
is engaged in the development of advanced computer techniques for use in automatic test equip 
ment. # Whatever the requirement in ground support equipment, here in a single, closely-knit organi- 
zation are the talents, facilities and corporate strength to fulfill assignments of any magnitude. 


— 
FEDERAL LABORATORIES 
NA N NA N NUTLEY, NEW RSE 


AVIONICS » COMMUNICATIONS = MISSILE AND SPACE SYSTEMS » ELECTRONIC DEFENSE « GROUND SUPPORT SYSTEMS 
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MEW ALOITOMS? 


~ to the Allegheny Ludlum High Strength 
and High Temperature Steels 



















































al-Aging Steels...with yields over 250,000 psi 
PLUS toughness! 


Looking for “ ial” properties even in the 
special steels? Pake a look at the Mar-Aging 
Steels, a brand new group of high alloy, 
precipitation-hardening steels offer- 
ing unmatched toughness and 
the strength of the best con- 
temporary steels. Here are a 
few interesting properties 
... yield stren exceed- 
















NOMINAL COMPOSITION OF MAR-AGING STEELS 


Ni 








AL 25 Ni (250) . 1.4 2 ing 250,000 psi... notched 
AL 20 Ni (250) 01 20 , 1.4 2 5 tensile strengths over 
AL 18 Ni Co Mo (250) 01 18 7 5 4 J 400,000 psi. . . and the 
AL 18 Ni Co Mo (300) 01 18 9 5 6 | 











ability to maintain ductile 
properties below —80 F. 


Discovered by International 
Nickel Company, developed and 
being produced by Allegheny 
Ludlum, the Mar-Aging steels achieve 
their high strength by means of an extremely 
simple heat treatment. Remarkably resistant 
to crack propagation, the Mar-Aging Steels are 
easily machinable, easy to weld, and possess 
unusually low work-hardening characteristics. 
Available in all product forms, the Mar-Aging 
Steels may be air melted, or vacuum 
melted for maximum notch tough- 
ness and transverse ductility. 











TYPICAL MECHANICAL PROPERTIES OF MAR-AGING STEELS 




















Together with A-L’s aoe 















2YS UTS Elong. _ RA | Notch TS of famousstainless steels (a 
PRODUCTS - = 
(X 1000 psi) %, Y%, | Smooth TS grades—all mill forms), low 
BARS alloy-high strength steels, 
(Heat treated) tool steels, bearing steels, 
AL 25 Ni (250) 250 265 12 50 11 and high temperature 
AL 20 Ni (250) 250 265 12 55 1.3 steels and alloys, the 
AL 18 Ni Co Mo (250) 250 265 10 50 1.5 Mar-Aging Steels make 
AL 18 Ni Co Mo (300) 300 305 12 55 1.4 the Allegheny Ludlum 
SHEETS product line one of the 
(Cold rolled and aged) most comprehensive of- 
AL 25 Ni (250) 250 270 5 7 fered to the aircraft and 
AL 20 Ni (250) 260 270 4 7 missile industries. And to 
AL 18 Ni Co Mo (250) 285 290 4 9 F assist in applying this family 
AL 18 Ni Co Mo (300) 300 310 3 8 of steels, A-L offers customer 


contact service at any level in 
your organization, including in- 
plant teamwork with your specialists 
on your problems. Add the support of 
the A-L research organization, and tech- 
nical literature written in your language, and 
you have the famous Allegheny Ludlum service. 


3803 





NEW A-L LITERATURE 


A new series of technical booklets on A-L High Tem- 
peroture Alloys is yours for the asking. Each is 
packed with data to assist design engineers and 
procurement specialists in selecting materials for any 
high strength-high temperature application. 





ALLEGHENY 
{yr LupLum 


And be sure to get your request in early for the new 
Data Sheet on Mar-Aging Steels. Contact your local 
A-L Representative, today. Or write: Allegheny 
Ludium Steel Corporation, Oliver Building, Pittsburgh 
22, Pa. Address: Dept. MID 6. 
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A BETTER SHAKE FOR POLARIS... Aerojet-General installs Ling 
vibration system with world’s highest force rating -60,000 pounds 


When faced with unsolved vibration testing problems on its vital part of the Polaris program, Aerojet-General Corpo- 
ration, a subsidiary of The General Tire and Rubber Company, turned to Ling Electronics. To give its solid propellant 
rocket engines the severest shake-up, Aerojet-General improved its test facilities with two Ling vibration systems— 


controlled simultaneously or independently by one console. The system, now operating, includes two Model 249 





en shakers delivering 30,000 pounds force each and two Model PP 120/150, 120 KVA water-cooled amplifiers—for a 
he total force delivery of 60,000 pounds. The special random sine wave console not only provides simultaneous or inde- 
m pendent control of both exciter systems, but features Ling’s famous ESD-ASD 20 spectral density equalizer / analyzer, 
- the industry standard. Like Aerojet-General, you too may find the superior quality and rugged reliability of Ling 
- systems answer your testing problems. For more information, write Department MR-116] at the address below. 
=NT ; 
| Lo 5 bL : 
LIinNnG -TEHENMACOoO -VvVoOovTvGrHT. inc. 
LING ELECTRONICS DIVISION 
> 1515 SOUTH MANCHESTER, ANAHEIM, CALIFORNIA + PRospect 4-2900 
Circle No. 96 on Subscriber Service Card 129 
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Langley to Maintain R&D Leadership 


MODERATE BUT STEADY ex- 
pansion is the forecast for NASA's old- 
est research center, at Langley, Va. 

Authorizations for plant moderniza- 
tion and new facilities over the Fiscal 
1961-62 period total nearly $45 million. 
Improvements are expected to assure 
the center’s continued leadership in ma- 
terials and structures research and de- 
velopment for the space agency. 

One-third of Langley Research Cen- 
ter’s 3000-plus employees are scientists 
and engineers. Indicative of the in-house 
capability here is the relatively small 
outlay in contracts to industry for basic 
research—only $5 million out of a total 
of $60 million authorized for R&D. 
The rest goes for hardware procurement, 
including $30 million for Scout launch 
vehicles. 

It is significant that Langley has 
served as a reservoir for highly skilled 
specialists from which the government 
has drawn over and over again to form 
new research facilities. Cadre for four 
research centers—Ames, Lewis, Wallops 
Station, and the Flight Research Center 
at Edwards AFB—were first provided 
by Langley. 

Established nearly 45 years ago, this 
center has been involved with virtually 
every type of aircraft, missile and space- 
craft built or presently conceived. When 
the first Mach-3 air transport or the 
Apollo or Dyna-Soar \eaves earth, it will 
be due in no small measure to the re- 
search being performed here today. 

@ Major programs—By far the 
greatest research effort at Langley is the 
broad study of structures and advanced 
materials, a field in which it is consid- 
ered the major NASA center. Scientists 
here wage a continuous many-pronged 
attack on high-temperature problems of 
re-entry. 

In their Flight Re-entry Program, re- 
searchers will obtain flight verification 
of heating problems on typical lunar 
return vehicles. In general, the tests in- 
volved cannot be performed with ground 
facilities. 

Five-stage Scout launch vehicles 
will be used to approach speeds up to 
30,000 ft./sec. Three different payloads 
are now being built to study (1) total 
heat (convective and radiative), (2) 
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THOMPSON 


Director of Langley Research Center 


FLOYD lL. 


separate radiative components, and (3) 
heat-shield materials 

In cooperation with Lincoln Labora- 
tory of Massachusetts Institute of Tech- 
nology, the Center has been concerned 
for the past 242 years with the Trail- 
blazer program. Primarily, this is a sig- 
nature study of ICBM trails during 
re-entry. The Trailblazer vehicle em- 
ploys six stages—three for vertical boost 
upward, three for downward. 

The program has been extended to 
relate mass and light intensity for media 
determinations up to 200 miles altitude. 

Using the six-stage vehicle, velocities 
up to 23,000 ft./sec. have been achieved. 
A seven-stage vehicle has been 
employed to fire a dime-size steel pro- 
jectile to 37,000 ft./sec. 

Other principal programs include 

— Development of the NASA Scout 
launch vehicle (since 1958). 

—Design and development of Echo 
passive communications satellites 
Follow-on to Echo I is the rigidized, 
135-ft.-diameter Echo 1] now in final 
development. Langley is responsible for 
program contracting, as well as satellite 
and payload design. 

—Coordination of instrumentation 
supplied by other NASA centers for the 
micrometeoroid-satellite program and 
for all the final payloads. 





also 


—Fundamental investigations of 
plasmas and plasma motions 

In addition to these and other smaller 
programs for which Langley has prime 
responsibility, the center also conducts 
basic research to support other centers, 

@ Langley facilities extensive—Over 
its 710 acres, Langley has planted more 
than $150 million worth of laboratories, 
shops, support facilities, and more than 
40 major wind tunnels. 

Ground facilities are supplemented 
by free-flight research facilities including 
use of full-scale aircraft and vehicles 
launched by rocket from Wallops Island 
on Virginia’s Eastern Shore 

Tunnels range in size all the way 
up to one having a 30x60-ft. cross 
section. Velocities obtainable vary from 
low-speed to Mach-30 in the Langley 
helium tunnel. 

Hot-jet research facilities include 
one with a temperature capability reach- 
ing 16,000°F for re-entry simulation. 
A !09,000-kva power supply is used with 
the arc-jet systems. 

A Langley-developed combined-loads 
machine is believed to be the only facil- 
ity of its type in the world. It can apply 
combinations of loads and moments 
which include up to a 250,000-lb. axial 
load, 2.5 million-in.-lb. torsion load, and 
a 3 million-in.-lb. bending load 

Other major include a 
landing-load track (for aircraft tests), 
vehicle control and lunar-landing simu 
lators, and a_ 1.2-million-lb.-capacityj 
hydraulic testing machine (for speck 
mens up to 6 ft. wide x 18 ft. long). 

Important new facilities authorized 
or in design and construction include: 

—A Dynamics Research Laboratory 
(to study dynamics problems on boost 
under true environ 


facilities 


ers, spacecraft, etc., 
mental conditions ) 

—A Hypersonic Aerothermal Dy 
namics Facility (to study hypersonic 
aerodynamic and aeroelastic problems 
under conditions of extreme tempera 
ture and velocity 

—An 8-foot-high, 4000°F tempera 
ture, Mach-7 structures research tunnel 
(to study problems of large test speck 
mens under combined influence of aero 
dynamic loads and high temperature). 

—A Lunar Landing Research Facik 
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Mechanical 
or Aeronautical 
Engineers with 


MASTERS 
DEGREES... 


Mechanical or Aeronautical Engineers 
with M.S. Degrees and some research or de- 
velopment experience are required for an 





xtensive research program in advanced 
rocket propulsion concepts. A comprehen- 
sive knowledge of fluid mechanics is re- 


quired (compressible viscous flows, turbu- 
lence, transport phenomena) along with the 
ability to apply this knowledge to unusual 
fluid flow problems. Both theoretical and 
experimental programs are being conducted. 

This program has strong corporate 
sponsorship with all that this implies in per- 
sonal stability. Available are excellent exper- 
imental, computational, and library facilities 
with experienced supporting personnel. 
Attractive salary levels and benefits are 
available to qualified individuals. 






We invite you to contact Mr.W.E. Walsh 
y 


RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 


400 Main Street, East Hartford 8, Conn. 


All qualified applicants will recewe consrderation for employ nent 
without regard to race, creed, color of national origin, 
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ity (to study stabil- 
ity, control, and in- 


Comparison of Expenditures by Langley Research — 
Center for Fiscal Years 1961-62. 





strument display 
problems of a man ‘61 62 Change 
landing on the (millions) 
moon). Operating Costs (Salaries, etc.) $30.4 $33 +$ 26 
—A High-In- R&D contracts 46.8 60 + 13.2 
tensity Noise Facil- Facility construction contracts 24.8 20 — 48 
ity (to study the 
effect of noise on TOTAL $102.0 $113 +$11.0 
structures such as 
boosters ) . 
—A Magnetoplasmadynamics com- drag, moments, static and dynamic 


plex. This includes a 10-megawatt arc 
tunnel now under construction that 
varies from 6 to 24 in. in diameter over 
its full length and will be capable of 
velocities as high as Mach 8. 

@ Organization and responsibilities 
—Organizational structure of the Lang- 
ley Research Center resembles that of a 
centralized industrial complex. Func- 
tionally, it is comparable to a typical 
industry research and development op- 
eration. 

Director Floyd L. Thompson has 
two senior assistants, C. J. Donlan and 
L. K. Loftin, Jr. His office is also 
supported by the usual senior scientific, 
technical and administrative staffs. 

Five major functional groups, con- 
sisting of 18 operating divisions, com- 
prise the principal structure at the 
Center. In addition, three special pro- 
jects—Scout development, Flight Re- 
entry, and Cooperative Projects— 
answer directly to Thompson’s office. 

The five major groups include Ad- 
ministrative Services, Technical Services, 
and three distinct R&D groups. 

Project engineers for almost every 
task performed at the Center are drawn 
from the Engineering and Electrical 
Divisions of Technical Services. Prime 
concern of the Engineering Division is 
the engineering and design of research 
models and vehicles, research facilities, 
mechanical and chemical systems and 
controls. Electrical Division is con- 
cerned with electrical/electronic systems 
and subsystems design and engineering. 

Each of the three R&D groups em- 
braces three divisions and is headed by 
an assistant director. 

The first, under John Stack, includes 
the Aero-Physics, Full-Scale Research, 
and Theoretical Mechanics Divisions 
Principal efforts at Aero-Physics are in 
the areas of hypersonic vehicle perform- 
ance, control, and stability; heat transfer 
and fluid dynamics; propulsion gas dy- 
namics; magnetoplasmadynamics; space 
physics, re-entry phenomena and energy 
management, and advanced vehicle and 
mission analysis. 

The evolution, improvement, and 
characteristics evaluation of aircraft, 
missiles, and spacecraft configurations 
and components are the domain of Full- 
Scale Research Division. Specialists here 
are particularly concerned with lift, 


loads, and aerodynamics of propulsion 

Stack’s Theoretical Mechanics Di- 

vision actually is split into two branches 

~astromechanics and mathematical 
physics. The first studies problems in 
navigation, guidance and control of both 
manned and unmanned spacecraft for 
lunar and planetary missions. The sec- 
ond is a small band of highly specialized 
scientists working on very fundamental 
problems in aerospace technology— 
such as the nature and influence of solar 
radiation fields, re-entry dynamics, and 
the nature of the lunar environment 

The second functional R&D group is 
directed by Eugene C. Draley and is 
concerned primarily with structures and 
materials research. 

His Applied Materials and Physics 
Division covers a variety of studies of 
material problems in space. These in- 
clude Apollo-type re-entry, free flight 
research, study of ionized flow fields 
(problems associated directly with radio- 
propagation attenuation and radar ident- 
ification and tracking), meteoroid haz- 
ards, and large erectable space stations 

The Dynamic Loads Division is de- 
veloping analytical and experimental 
methods for predicting and alleviating 
dynamic loads and aeroelastic instabil- 
ity phenomena on high- or specialized- 
performance flight vehicles. Scientists 
here also are investigating acoustics, 
landing and impact, vehicle dynamics, 
vibration and flutter 

Draley’s third division is responsible 
for Structures Research. Its staff devotes 
its attention to weight and reliability 
characteristics of structures and mater- 
ials in space vehicles and aircraft 

The last of the three R&D groups 
is under the direction of Hartley A 
Soulé. 

Guidance, stability, control, operat- 
ing problems, and recovery techniques 
and systems in air and space are in- 
vestigated by the Aero-Space Mechanics 
Division. Considerable 
placed by the scientists on effective in- 
tegration of man/machine systems. All 
types of booster and spacecraft recover) 
systems also are now under study 

A second division in the 
concerned with Analysis and Computa- 
tion for the Center. Employing IBM 
7070 and 7090 high-speed digital com- 
puters and plotters, the unit performs all 


emphasis is 


group Is 
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necessary advanced mathematical com- 
putations and simulations for the other 
R&D divisions. It also handles tape 
storage and data retrieval. 

The Instrument Research Division 
completes Soulé’s group. It has respon- 
sibility for development and construc- 
tion of electrical, mechanical, optical, 
and electronic instruments vital to aero- 
space research 

e Contracting procedures — Obvi- 
ously, contracting and purchasing pro- 
cedures are defined by Federal law. 
Within the framework of these provi- 
sions and regulations, Langley procure- 
ment is handled as follows: 

Key procurement and contract ne- 
gotiation officers include 
' Sherwood L. Butler, Procurement 
Officer 

—John Munick, Assistant Procure- 
ment Officer 

—Willis A. Simmons, Chief-Contract 
Negotiation and Administration Branch 

—William B. Hutchesan, Chief- 
Purchase Branch. 

Formal advertising for competitive 
bids is employed particularly for pur- 
chase of supplies, materials, equipment, 
and construction when these items can 
be clearly defined by specifications and/ 
or drawings 

When this is impractical—in R&D 
contracts, for example— procurement is 
made by negotiation with firms on a 
qualified bidders list in the desired pur- 
chase category 

Technical direction, including pro- 
lect officer supervision, is provided by 
Langley for all prime contracts under 
its cognizance. It also employs its own 
contract-negotiation and administrative 
staff 

Prime contracts are negotiated di- 
rectly with the contractor. Langley does, 
however, retain a flexible procedure in 
contract administration; it uses either 
its own staff or the services of the De- 
partment of Defense or other govern- 
ment agencies when this is deemed 
necessary. 

Simmon’s group handles contracts 
for R&D procurement by negotiation: 
Hutchesan’s group handles advertised 
contracts 

In the past, Langley has not made 
use of the “Quick-Reaction”-type of 
contracting procedure (QRC) used so 
effectively by the military. During the 
past year, however, the Center qualified 
its first contractors. Others, Langley of- 
cials say, will be qualified for different 
technologies or services. 

The first contractor qualified was in 
the field of optics—the J. W. Fecker 
Division of American Optical Co. The 
arrangement with Fecker is in effect an 
open-end R&D contract—contracts val- 
ued at $100,000 or less will be issued 
like a simple purchase order 

(Continued on page 136} 
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(above) MODEL 3012 
Modularized console 
provides great flexibil- 
ity of use, easy moain- 
tenance 
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ystems 











ANTENNA TRACKING PEDES- 
TAL (right) MODEL 7625- 
20W, PRICE $24,570. More 
then 40 designs available in 
totally-enclosed pedestals. 


Years of experience have provided ANTLAB with 
the engineering know-how to track aircraft, mis- 
siles, rockets and satellites accurately and de- 
pendably. ANTLAB systems give exact positioning, 
high acceleration, instant response and smooth 
operation. 

Combining totally-enclosed antenna pedestals 
and advanced servo-controilers, ANTLAB produces 
tracking systems with built-in reliability. These 
systems are rugged and versatile and require min 
imum maintenance. The unique designs incor- 
porate many safeguards to eliminate or greatly 
reduce downtime, wasted professional time, and 
other results of costly failures during operational 
procedures or tracking tests 

When it's time to specify tracking systems, 
keep on the right track by specifying ANTLAB. 


ANTLAB Antenna Range instrumentation includes: Servo and electro-manvally controlled 
antenna test mounts, tracking systems, model support towers, microwave receivers, 


pattern recorders, pattern 
fork-controlied oscillators, 


Send for catalog A-161. 


rit 


integrotors, boresight systems, antenna position indicators, 


anechoic chambers, radome mounts, source positioners, efc. 





















96] missiles and rockets, November 27, 1961 Circle No. 13 on Subscriber Service Cord 135 











oe 8 Be me 


NEUTRAL 


GOLD 


for electroplating 


NO brighteners 
NO free cyanide 
NO harsh acids or alkalis 
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Produces an ultra pure 24 
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Will not affect copper laminates 
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Excellent resist for chromic acid 
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Exceptional resistance to sulfides 
and salt spray. 

Excellent solderability, even 
after prolonged storage. 
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eutectic alloy without discolora- 
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May be plated directly on stain- 
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alloys. 

Due to its extreme purity will not 
discolor when heated. 


Meets all Mil. specifications for 
Class 1 24 Kt plates. 
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(Continued from page 135) 
other contracts will 
into effect: one for analog-simulation 
services and the other for architecture 
and engineering services (for facilities 
on the station) 


Two soon go 


@ Information exchange—The _in- 
terchange of and scientific and 
engineering advances in any organiza- 
tion is of major importance. In the vast 
nationwide complex of NASA insfalla- 
tions, the problem is inherently difficult 

At Langley, all the standard methods 


ideas 


of data exchange are employed. These 
include: 
—Broad dissemination within and 


without of all formal NASA-originated 
technical reports and of all other pertin- 
ent formal reports issued by other 
Federal agencies, educational institu- 
tions, etc 

—Contributions to and attendance 
at appropriate technical conferences and 
symposia by as many Langley personnel 
as practicable within budget limitations 

—Similarly, visits by as many key 
personnel as possible to other NASA 
centers and industrial complexes. At the 
same time, the center encourages visits 
by others to Langley, to promote the 
exchange of ideas and advance tech- 
nologies 

Because of the complexity of the 
task, information flow for the Apollo 
program will be handled through imple- 
mentation of the Apollo Technical Liai 
son Plan, of which Langley is a part 
Essentially the Plan involves systematic 
liaison between all associated NASA 
centers and outside organizations in- 
volved in the program 

Liaison groups in which Langley has 
primary interest have been formed for 
technical areas — including trajectory 
analysis, configuration and aerodynam- 
ics, guidance and control, heating, 
structures and materials, instrumenta 
tion and communications, human 
tors, mechanical systems, and onboard 
propulsion. 

Langley officials expect to reap many 
advantages from the Plan. They have 
five main objectives 

1. To keep an up-to-date summary 


fac- 


of all technical activities pertinent to 
each Center 
2. To summarize and disseminate 


all R&D projects and results as 
as possible 


soon 


3. To have a vehicle for the report 
ing of contractor activities to all group 
members 

4. To create a mechanism for solu 
tion of major technical problems as 
they arise. 

5. To unearth problems and needed 
research areas before they become 
bottlenecks in the program 

© Expenditures up—Fiscal ‘62 ex 
penditures by Langley are expected to 


missiles and rockets, 


reach $113 million. This total includes 
salaries and expenses for the Operation 
and maintenance of the entire Center 
R&D contracts, and facility construe. 
tion contracts. It also covers the coy 
of managing Othe 
NASA centers and government agencies 


some activities of 


(For example, Langley manages the 
establishment of the Project Mercy 
ground instrumentation and tracking 
network for Goddard Space Ff Ligh 
Center.) 


The $113 million outlay is $11 mj 
lion, or about 10%, than ex 
penditures in FY ‘61 


highe: 


[he accompanying table provides y 
comparison of spending in the tw 
years. While salaries and expenses show 
modest increase, costs for R&D hay 
climbed over 25% in year. New 
facility costs have dropped nearly $§ 
million, as construction slowly 
up with building requirements 


one 
catches 


Personnel needs at the Center ar 
expected to bring in an additional 40 
persons, for a total of 
July. The new employment will be prin- 
cipally for administrative support rather 
than for scientific or 


tivities. 


© R&D contracts—A close look a 
the funds to be expended during FY ‘62 
for R&D reveals that the most of the 
$60 million will be allotted for hardware 
and materials. 


3628, by next 


engineering ac 


Langley officials told M/R that half 
the total funds 
to purchase Scour launch vehicles. About 
$25 million will go for supplies, mater 


available will be used 


ials, and equipment needed to suppor 
in-house R&D programs. The 
ing $5 million will 
contracts for basic research 


remail 


support industn 


® Looking ahead—tThe future fo 
NASA’s senior laboratory undoubtedly 
will match its long past, during which 
it has continuously been in the center of 
aviation/ missile/space history 

Langley can trace its involvement it 
the missile field from its early exper 
mentation in 1918 with the Navy’s 
Aerial Torpedo—a modified Curtiss 
Wright aircraft used as a drone carn 
ing a 1000-Ib. explosive package—dow 
to its current research on para-gliders 


Dyna-Soar, Apollo, and the Mach-} 
air transport 
NASA Administrator James E. Webb 


stated recently that current 
of the Center is only the 
During this fiscal year alone, over $2 
million is authorized for expanding an¢ 


expansiol 
beginning 


modifying old facilities and building 
new ones 

A vital part of NASA's vast but st 
growing in-house scientific capability 
major center of materials and structures 
research, Langley will continue to ad 
vance the U.S 


missile/space effort s 
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NASA !Noustry GuiDE 


Lewis May Drop In-House Tradition 


SOME MAJOR changes may be in 
the wind for NASA’s oldline propulsion 
research facility—the Lewis Research 
Center. 

Current indications include: 

—A better than 20% increase in 
technical personnel. 

—Shifting of all NASA space elec- 
trical propulsion to Lewis. 

—Appointment of Dr. A. Silver- 
stein, former chief of NASA Space 
Flight Programs Office, to be director 
of the huge Center. 

— Addition of a new arm in the Pro- 
curement Section at Lewis, an assistant 
for Development Procurement, and an 
increase of between 30 and 40 people 
throughout the entire section. 

While no official statements have 
been made, it is entirely possible that a 
fairly large development effort will be 
handled by the center, beginning some- 
time during the next 18 months. 

This means Lewis might break 
sharply with its past tradition of em- 
phasizing in-house research, a tradition 
which has been maintained even though 
industry-contracted projects have been 
slowly increasing. 

An increase in development activity, 
especially in certain segments of the 
Apollo program and electrical, propul- 
sion, has led to speculation that Lewis 
might be in the $400-million category- 
including all center activities. But this 
dollar figure is labeled “fantastic” in 
some quarters. 

e Current expenditures — Lewis is 
currently working with a budget in the 
neighborhood of $55 million, about $25 
million of which will be spent in Fiscal 
1962. Salaries and other items account 
for approximately $3V million. Large 
construction and major equipment re- 
quirements will gobble up 60% of the 
remaining $25 million. 

Construction is announced almost 
entirely by formal advertising. Standard 
government procedure is normally used: 
a 30-day bid time, a formal opening, 
and an award to the low bidder under a 
straight-fixed-price contract. 

Lewis currently looks for contrac- 
tors capable of earmarking requirements 
and giving 5-to-lU-day delivery on 
whole classes of housekeeping items. 
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OR. ABE SILVERSTEIN 


Major development assignment in works? 


So far, not many research and de- 
velopment jobs are available. But con- 
tracts for R&D of propulsion systems, 
materials, cryogenics and gases are in- 
creasing in number. They are usually 
negotiated and cost-type. 

Lewis’ key purchasing mer. are J. R. 
Biggs, Procurement and Supply Officer; 
J. H. Zimmerman, chief, Purchase and 
Contracts Branch; and N. C. Prahst, 
Small Business and Contracts Relations. 

Small business possibilities are good. 
Last year 70% of all business and 40% 
of all contracts over $2500 landed in 
this area. Major equipment purchases 
in the latter category will be heavy in 
1962. 

e Procurement setup— The main 
elements of the Procurement and Sup- 
ply Division at Lewis follow, together 
with their personnel and areas of re- 
sponsibility. 

The General Contract Section pur- 
chases research and development and 
other major items. L. P. Kelley heads 
the section and specializes in price and 
cost analysis, major negotiations, con- 
sultant services, research and develop- 
ment, cryogenic and  high-vacuum 
equipment. B. Torre handles mechani- 
cal, hydraulic, and pneumatic pumps, 


major electrical and electronic systems. 

W. Park covers instrument repair, 
laboratory equipment and some special 
projects procurement while L. Goulden 
covers special projects procurement. 

The Construction and Contract 
Services Section is run by R. W. Bou- 
man, who is also responsible for build- 
ing and facility construction and archi- 
tect-engineer services. S. Maun and W. 
Colli handle repairs, maintenance, new 
construction and alterations. 

The Small Purchase Section buys 
minor equipment items, stock, operat- 
ing supplies, fuels and fuel-handling 
equipment. Section head is G. J. Widra, 
who also specializes in gas-transport 
equipment, cryogenics and gaseous pro- 
pellants. 

E. L. Kozar buys mechanical equip- 
ment and supplies; A. Krismanth han- 
dies chemicals, fuels, lubricants, coat- 
ings, cutting tools and radio-active 
materials; W. T. Hodges buys base 
metals and photographic supplies; I. 
Nelson specializes in hardware, mill and 
medical supplies and F. R. Riedel han- 
dles electric, electronic parts and air- 
craft fittings. 

The Contract Administration Branch, 
under J. M. Katzman, handles all mod- 
ifications to current contracts, regard- 
less of commodity. 

e@ Interlocking divisions—The Lewis 
Research Center is NASA’s principal 
propulsion facility. It covers 350 acres 
adjacent to the Cleveland Hopkins air- 
port, with additional research reactor 
and rocket installations at the 6000-acre 
Plum Brook section, Sandusky, Ohio. 
Total personnel is around 3000, with an 
additional 600-plus to be hired in the 
current NASA recruiting drive. 

The center has eight basic operating 
divisions with the usual support, finan- 
cial, and administrative sections. The 
Plum Brook reactor facility is now 
under the Nuclear Reactor Division, but 
it will shortly be established as a sep- 
arate operating entity. 

There will probably be some shifts 
in the directorate setup at Lewis as a 
result of the recent appointment of Dr. 
Silverstein to the top job. But it is not 
expected that the basic areas of interest 
within the current divisions will be 
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changed to any great degree. 

The divisions are interlocked to sup- 
port each other’s particular abilities. 
Thus evaluation and fundamental work 
go hand in hand through the center as 
projects are generated, pursued, divided 
or dropped. 

The key activity is research: this 
theme penetrates every corner of Lewis. 
From time to time applied and develop- 
ment tasks are picked up here and 
there, mostly because of the nature of 
current equipment and/or the particular 
abilities and experience of individuals. 
Lewis is not widely known for follow- 
ing programs through to production. 

e Fundamental probing—The 
Chemistry and Energy Conversion Divi- 
sion, headed by W. T. Olson, covers a 
broad range of physical chemistry in- 
vestigations and the direct conversion 
of radiant energy to electricity. In the 
latter area, about 25 scientists are prob- 
ing thermionic, thermoelectric and pho- 
tovoltaic problems with some emphasis 
on the thermionic—considered to be a 
pay-off area over the long run. 

A new million-dollar laboratory is 
being finished and installation of over 
$1.5 million worth of equipment has 
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started. The energy conversion lab will 
have simulated energy sources for eval- 
uation purposes, high-vacuum equip- 
ment, zone refiners, crystal-pullers, 
melting furnaces and physical measur- 
ing instruments (see NASA Materials 
Section, p. 68). 

On the physical chemistry front, 
the division has a machine program in 
the thermal and transport properties of 
gas and gas mixtures. The program 
takes inputs of gas and temperature and 
feeds out thermal data. A thorough set 
of internally consistent data has been 


generated. 
Recombination rates of atoms on 
different surfaces are being studied. 


Methods of computing viscosity and 
thermal conductivity of a gas, gas mix- 
tures and reacting mixtures are being 
investigated. In general, the work here 
covers any application of hot gases and 
is definitely fundamental. 

Fully half the division is engaged in 
rocket combustion chamber work— 
both liquid and solid. For example, 
combustion studies in liquids involve 
the steady-state combustion of propel- 
lants and how to take advantage of the 
well-known “screaming process” in a 
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liquid engine. 

Solid-propellant work includes opera- 
tional flexibility, re-ignition and some 
investigations of the nature of the burn- 
ing process. 

A large amount of work in heat 
transfer is also conducted here. This 
aspect covers both the hot and cold gas 
sides of the problem. In the hot area 
the main question is one of rate—how 
fast to remove the heat. Pipe flow 
equations do not apply to nozzle con- 
figurations; Olson’s group is looking for 
equations that will work here. 

On the cool side—the cryogenic 
area—the problems are extremely com- 
plex. Investigators are working with 
liquid gases near their critical points— 
where small temperature variations pro- 
duce rapid property changes. 

The division is monitoring several 
outside contracts. One, with Pratt & 
Whitney, is for a model of a fuel cell 
powerplant, which it is hoped will 
be a forerunner to a useful Apollo sys- 
tem. Another award, to Stanford Re- 
search Institute, is for an assessment of 
NASA needs for high-energy propel- 
lants in future programs. 


Some smaller contracts are out— 
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including one to Warner and Swasey’s 
Research Labs to develop a method of 
measuring temperature and composition 
through infrared techniques. 

The Rocket and Aerodynamics 
Division, under C. F. Schueller, handles 
all the wind tunnels at Lewis. The tun- 
nels have been involved in Saturn base 
heating studies and efforts are under 
way to correlate this data with that from 
other NASA centers and the actual 
flight information from the Cape. This 
work was carried out in the 8-by-6-ft. 
Supersonic Wind Tunnel with small- 
scale operating models of the Saturn, 
including several modified for Apollo. 
The center also has a 10-by-10 ft. Wind 
Tunnel. 

e Into fluorine—aAltitude perform- 
ance characteristics of the Centaur en- 
gine, including controllability, are being 
evaluated at this division. Lewis is run- 
ning one barrel but simulating the sec- 
ond through a loop system to investigate 
unequal operation 

In the category of general research, 
studies into the ignition of high-energy 
propellants are being carried out. The 
division has been in the high-energy 
area, including hydrogen-fluorine, for 
over 5 years. The work is aimed at 
future large-velocity-increment missions 
and includes injector designs, perform- 
ance, control requirements, cooling and 
all the aspects usually associated with a 
general rocket program. Pressurized HI 
systems are used on stands and in alti- 
tude chambers originally built for 
turbo- and ramjet-engine studies. 





In this division there is also a mis- 
sion analysis group whose prime func- 
tion is to outline research problems to 
provide general guidelines for research 
direction at Lewis. The group 
questions in atmospheric braking, pow- 


raises 


erplant sizes, vehicle layout concepts 
and other areas. The constant progress 
across the country means this group is 
constantly revising old problem areas or 
generating new ones 
The Nuclear 


Systems Division, 


under the direction of D. S. Gabriel, 
handles the NASA-Lewis efforts in 
SNAP-8, Rover and the zero-gravity 
work on liquid hydrogen storage and 
cycling 


rocket work is highly 
han- 


The nuclear 
classified but the systems division 
dies such problems as 

—Contract responsibility for long- 
period testing (wind tunnel conversion ) 

— Experimental heat transfer work, 
flow stability, start-up cycle 
—Hazards associated with flying 
reactors and the type of ground facili- 
ties needed as the program develops 

—Investigations on follow-up pro- 
grams beyond Rover. 

There are several other areas, and 


the division is also called upon to sup- 
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ply contract monitors. In addition, some 
problem areas are passed on to other 
divisions at Lewis for solution. Gen- 
erally, the division supports the nuclear 
rocket with the exception of the reactor. 

Power programs in the division in- 
clude SNAP-8, Sunflower and about a 
dozen other contracted efforts in ad- 
vanced research. A certain amount of 
support work on SNAP-8 is carried out 
at the center. The Sunflower project is 
almost entirely contracted, but the divi- 
sion expects to have a greater in-house 
program in the near future. 

The Fluid Systems Division under 
I. I. Pinkel has two general areas of 
interest—propellant system components 
such as pumps, tanks, valves, etc., and 
space power components. 

Propellant component research digs 
into the pump design for cryogenic Fo, 
H., and O, systems. The group studies 
novel approaches—such as multi-stage 
turbines with a single-rotor disc. 

The insulation problems connected 
with cryogenic tanks being stored or 
used a long time in space are part of 
the work here. The messy heat transfer 
problems in this area become quite com- 
plex (see NASA Propulsion, p. 62). 

Space power components mean in- 
volvement in liquid metal systems. This 
part of the division’s research work 
moves into zero-gravity environments 
and the headaches associated with phase 
separation under such conditions. 


PROCUREMENT AND SUPPLY OFFICER 
JOHN R. 


PLUM BROOK PROCUREMENT AND 
SUPPLY OFFICE 
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rinkel’s people worry about the de- 
gradation of radiators with respect to 
time, heat rejection and circulation 
problems. In addition, the division sup- 
plies teams for such current projects as 
the F-1, J-2 and Centaur. 

Pinkel says Lewis is no longer self- 
sufficient in the fluids area. There is a 
growing need for a “satellite” industry, 
but division personnel try to stay with 
those problems that lead to deeper 
understanding of the field. 

This is not to degrade the industry 
effort. The division just does not want 
to learn too much from contractors on 
a fundamental level. 

e Ion power—The Electromagnetic 
Propulsion Division, directed by W. E. 
Moeckel, is the one section likely to 
expand because of the shift of all NASA 
electrical propulsion efforts to Lewis. 

The division is currently broken 
into three branches—electrostatic pro- 
pulsion, plasma physics and electromag- 
netics. 

The Electrostatic branch is involved 
in cesium tungsten engines, studies of 
contact ionization, colloidal particles 
and the mechanics of propellant feed 
systems. 

The branch is currently building a 
flight model of the Kaufmann ion en- 
gine (named after the Lewis developer) 
for flight testing with the Hughes en- 
gine. The unit operates through the 
electron bombardment of mercury and 
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has the highest efficiency of any unit 
developed to date. 

The Plasma Physics branch studies 
heating and accelerating plasmas using 
a traveling wave 40kw power supply 
and a coaxial transient plasma accelera- 
tor. The temperature work is mainly 
concerned with getting a plasma in a 
contained magnetic field as hot as pos- 
sible. If temperatures in the 100,000° 
to 200,000°F range can be reached, 
there may be applications in a thermal 
plasma jet. There is is also some thought 
of applying thermonuclear power to 
rocket propulsion. 

The Electromagnetics branch is con- 
cerned with the development of intense 
magnetic fields, upwards of 100,000 
gauss, for plasma containment and 
power conversion. 

A water-cooled magnet is currently 
running at 100,000 gauss, and investi- 
gations of superconductive materials for 
radiation shielding are in progress. 

Two vacuum chambers and a hous- 
ing facility are under construction. The 
chambers—25 ft. diameter by 70 ft. in 
length, and 15 ft. diameter by 60 ft. 
in length—will be used for engine evalu- 
ation in simulated space environments 
including both solar radiation and tem- 
perature controls. Plans for a large 
liquid helium facility have been made 
with the cryogenic supply also slated 
for some superconductivity work on the 
big magnet. 

Current contracts under the auspices 
of Marshall are being shifted to this 
Lewis division. 

The Materials and Structures Divi- 
sion, S. S. Manson, chief, is primarily 
concerned with metals and their be- 
havior under the various conditions im- 
posed by space and space vehicle re- 
quirements. 

Most of the work is research and 
fundamental in nature, but the division 
has handled some specific application 
projects for Lewis, NASA and the 


| military. 


General work in fatigue, effect of 
imperfections and single crystals in the 
various metals, alloys and inorganic 
composites is pursued. The division 
pioneered in defining the needed prop- 
erties in steel for aircraft and space 
applications. 

The division’s extensive facilities are 
a research effort in themselves. High- 
temperature physical measurement in- 
struments, a 1000-ton vertical extru- 
sion press, heating and melting facilities 
including an electron beam furnace and 
an arc melting unit currently being 
modified with a large vacuum work- 
area (see NASA Materials, p. 68). 

e Plasma parameters—The Instru- 
ment and Computing Research Divi- 


sion, under J. H. Hall, handles funda- 


mental measuring problems as well as 
providing computer service groups to 
the rest of the research effort at Lewis, 

Fundamental work includes such 
studies as how to measure the charac. 
teristic parameters of ionized beams in 
plasma, and temperature measuring 
techniques beyond the current state of 
the art. Techniques to determine the 
nature of residual matter in vacuum 
chambers and the establishment of 
standard calibrations in liquid hydrogen 
flow meters are other examples. 

The division has two large comput. 
ers—an IBM 704 and a modified Uni- 
vac 1103. The latter is part of a built-in 
data system with direct connections to 
test cells. 

Hall’s group also provides onboard 
instrumentation for certain experimen- 
tal space shots. The division does not 
handle all of the Center’s instrument 
work; there are operational groups 
within each of the other sections. 

The Nuclear Reactor Division, un- 
der L. V. Humble, is involved in reactor 
physics and the improvement of reactor 
theory in general. This division is cur- 
rently associated with the Plum Brook 
reactor, but the latter is slated for sep- 
arate operational status. This will not 
dissolve the close ties between the 
groups. 

NRD boasts one of the six cyclo- 
trons in the U.S. It is used to investi- 
gate the effects of radiation on matter, 
the determination of half-life in certain 
materials, and for other purposes. 

Humble’s group looks at concepts 
and farms out some problems to other 
Lewis divisions. Heat transfer problems 
in reactor technology are also part of 
the division’s effort. 

Advanced ideas—such as applying 
gaseous reactors to nuclear rocket sys- 
tems—are being studied. Here a typical 
problem would be how to keep the 
hydrogen propellant from mixing with 
the uranium particles. The vortex ap- 
proach is under investigation. The main 
reason is to push the nuclear rocket 
engine temperature higher and higher 

There is also some small effort in 
the area of the mechanical properties 
of solid hydrogen. This fell to the divi- 
sion more or less by default, since the 
necessary equipment was there. Other 
minor studies are in the properties of 
hydrogen at 100,000°F. 

The reactor division is primarily re- 
search, while Plum Brook is more of 
an operating group. The reactor itself, 
designed completely by NRD personnel 
went into operation last April. The unit 
is being used as a tool for the study of 
components and materials under radi- 
ation conditions very similar to those 
anticipated in full-scale, nuclear-powered 
spacecraft systems. m 
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NASA !Noustry GUIDE 


Life Support Effort Upped At Ames 


Simulators for advanced spacecraft and major expansion in life sciences spark 


new growth at West Coast center; most procurement supports in-house programs 


NASA’'S Ames Research Center at 
Moffett Field, Calif., is moving heav- 
ily into studies applicable to support of 
manned space flight. This represents a 
major shift from its long-term function 
in advanced aerodynamics. 

The center’s share of NASA’s FY 
‘62 outlay has been upped to $30 mil- 
lion, with long-range forecasts of an 
additional 25% increase within the next 
8 to 10 years. 

The major programs to be carried 
on at Ames include: 

— Development of multi-purpose ad- 
vanced space vehicie motion simulators 
applicable to Apollo-type spacecraft 
and supersonic transport studies. 

—Development of life-support sys- 
tems for extended simulator runs. 

—Vibration simulators to aid in the 
study of Saturn launch vibratory char- 
acteristics. 

—Life sciences, slated for a major 
expansion with probable breakdown into 
exobiclogy, environmental biology, bio- 
technology, and physiological and be- 
havioral sciences. 

—Guidance, control, and re-entry 
studies with applications to Apollo 
Dyna-Soar, and other manned space 
craft. 

Exactly what this build-up in the 
simulator and life science areas will 
mean in terms of actual physical equip- 
ment and expansion is difficult to predict 
with any accuracy at this point. Ames 
has a considerable in-house capability 
for fabricating its own devices, usually 
at heavy savings. 

For example, the center's recently 
completed centrifuge and cab device 
Was put together using much existing 
hardware for $385,000. Center engi- 
neers estimate the cost would have been 
$4 million had external production been 
necessary. Special analog devices and 
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SMITH J. DeFRANCE 
and 


Primates personnel—a_ problem 


electrical power requirements also lend 
themselves to in-house development by 
Ames since few, if any, of these items 
are commercially available 

e Low procurement—Ames is 
among NASA's smallest installations in 
the amount of money spent with indus- 
try. Most of its outside buying is in 
purchase orders, not contract awards, 
since it is not a production facility. 

Ames was involved in only 2% of 
the total NASA procurement (items 
over $25,000) in FY ‘61. This does 
not. include utility contracts—electric 
power alone costs the center some $2 
million per year. Excluding utilities, 
Ames spent about $11 million last year 
and will probably exceed this for FY 
‘62. One of the center’s major outside 
contracts at present is a Mach-S5O test 
facility. Total for this high-speed, high- 


temperature unit may be $5 million. 

Electronics and electrical devices 
comprise the largest share of all Ames 
procurement (no percentage figure is 
available). Most of these purchases in- 
volve components rather than complete 
assemblies or systems. 

Approximately 22% of the center's 
procurement dollar volume goes to small 
business. This also translates as 71% 
of the center’s procurement actions. 

Some procurement and contract 
awards are difficult to categorize—the 
center both buys and leases its comput- 
ing equipment. Also, construction costs, 
which have been between $7 and $15 
million per year, are not always re- 
flected in the center’s budget because 
the appropriated funds may not be 
awarded within a specific fiscal period. 

© Costs up— Operating costs at 
Ames have jumped in the past two years 
by about $1 million and are running 
currently between $4 and $5 million 
annually. For example, about 12 mil- 
lion cubic feet of helium are used per 
year and the price is rising. 

There is also a trend at Ames to- 
wards the use of consultants on certain 
projects, such as the construction and 
fitting-out of the center’s new radio- 
isotope laboratory 

Another factor affecting both pro- 
curement and facilities at the center is 
the buildup of personnel—particularly 
in professional fields. NASA plans call 
for 162 new persons to augment the 
staff at Ames by June 30, 1962. This 
will bring the total to 1675. 

Plans to develop primate training 
facilities at Ames illustrates the person- 
nel problem—if it is a problem. There 
are two accepted and proven systems 
for primate training that may be pur- 
chased with relative ease. 

The system which Ames intends to 


14] 


























142 














missiles and rockets, November 27, 196! 





i 
i DIRECTOR Fs 
i f SMITH J. DeFRANCE B 4 
1 i 
} 
1 ASSISTANT DIRECTOR ASSISTANT DIRECTOR ASSISTANT DIRECTOR ASSISTANT DIRECTOR 
H. JULIAN ALLEN RUSSELL G. ROBINSON FOR LIFE SCIENCES FOR ADMINISTRATION 
, , WEBB hai: ARTHUR Bae 
j VEHICLE-ENVIRONMENT — FULL SCALE AND SYSTEMS ADMINISTRATIVE TECHNICAL SERVICES DIVISION 
DIVISION RESEARCH DIVISION EXOBIOLOGY DIVISION SERVICES DIVISION SHIEF EDWIN W. BETT 
CHIEF, ALFRED J. EGGERS | CHIEF, CHARLES W. HARPER § CHIEF, (Vacant CHIEF ASST. DIV. CHIEF, RAYMOND E. BRAIG 
ASST. CHIEF, ASST. CHIEF LUCILLE D. BAKER ASST. DIV. CHIEF. GEORGE F. BULIFANT 
@CHARLES F. HALL LAWRENCE A. CLOUSING 
ENVIRONMENTAL PROCUREMENT AND 
.: BIOLOGY DIVISION SUPPLY DIVISION e 
sete Geen: Gee CHIEF. (Vacant CHIEF, ALVIN S. HERTZOG _ RESEARCH FACILITIES AND EQUIPMENT Fou 
’ CHIEF, ANDRE G. BUCK 
ASST. CHIEF, VICTOR L. STEVENS 
a PHYSIOLOGICAL AND ; 
el rags BEHAVIORAL 
wernt SCIENCES DIVISION 
CHIEF, JAMES P. HENRY 3 
a 5 3 
' BIOTECHNOLOGY DIVISION 8 
CHIEF, SIEGFRIED J. GERATHEWOHI 4 HEF 
ASST. CHIEF, STEVEN E. BELSLEY VIT. 
AN! 
ew 
. te 
use, however, is a combination of two © No duplication—tThe life sciences course technique) have been underway eH 
selected at the suggestion of scientists group is beginning a slow expansion. It for about five months. The center's ef in 
involved with the project-to-be. They has been authorized 100 persons this fort in guidance and control for Apol ew 
believe that the combination svstem will fiscal year, but the type of personnel _ is basically a backup of MIT programs ec 
do a better job than either of the other this group seeks is not easy to find. The | plus analysis and evaluation 
two, but it poses some problems with 100-person figure does not include sup- Apollo guidance is between 50‘ de 
contractors in trying to purchase por- port personnel. and 60% of the center's total guidance ” 
tions of complete systems. Now in the process of forming into work. The program will probably dou eH 
In the space simulator area, it is organized groups, the division will prob- ble the amount of professional person ew 
difficult to pin down Ames’ efforts on ably break down into four major areas nel within the next year to 18 months of 
programs such as Apollo. However, a mentioned earlier. The bio-technology Other guidance and control work at 
group has been formed which will work group will apply its efforts in direct sup- Ames includes satellite stabilization sys Ww 
directly in simulation for various Apollo port of human factors for manned space tems and human factors Is 
phases after the program has been bet- programs. Re-entry study is another active area] , w 
ter defined. The center says that the life sciences at the center—an estimated 20% of Ar 
Some type of environmental adapta- group will not duplicate work being the center staff is directly engaged in 
tion to the present simulators will prob- done by the Air Force or other groups re-entry studies (the blunt nose cone | * Ww 
ably be needed, and may go out to much of the work they plan has not concept was developed at Ames with te 
industry in contracts. A life support been an AF function to date. Most first proof successes in June, 1952) Wi 
system for extended simulator runs will current work in areas under considera Most of its Apollo work grew out m« 
be high on the list. This can be pur-_ tion by the life sciences group is being of the satellite re-entry studies. Indus 
chased on a reasonable off-the-shelf conducted by universities. About 50‘ try has worked very closely with Ames 
basis. Ames scientists feel there is at of the university effort has been on the in the development of Ap configu zs 
least one and probably more such sys- West Coast. Ames plans to keep some _ rations. Only two companies involveé NE 
tems that would meet their require- of the work in universities on a contract in initial Apo competition have not — 
ments. basis if the universities demonstrate used Ames-developed data AME 
In other areas, such as air condi- competence One of the most important groups MO\ 
tioning for the simulators which would e G&C work—Other major efforts at Ames supplying a big boost in versa SPA 
duplicate space conditions, the center which tie directly to Apollo, Dyna-Soar tility is the instrumentation division new 
believes it may be able to purchase and other manned space vehicles in- Comprised of about 250 people, the spo’ 
systems. Some of these are not yet on  volve guidance and control studies, and unit has between 75 and 80 profes of ; 
the market, but Ames is aware of some _ re-entry techniques sionals in such areas as electrical am se 
systems built by various firms hoping Ames has about 35 scientists and _ electronic engineering, mechanical et pict 
for Apollo usage. engineers working directly on support gineering, physicists, chemists, mathe = 
Vibration simulators are another of Apollo guidance (both mid-course miaticians, physical chemists and a! NE\ 
area of interest, but Ames says it will and terminal) and control systems. This astronomer. Some devices developed by) live! 
have to have far more data on Saturn group has been working together for the instrumentation division have been Nae 
launch vibration characteristics before about two months, but some portions § picked up by industry and are now appr 
it will decide exactly what it needs. of their work (abort guidance and mid- available on a commercial basis .— 
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Spacecraft Recovery Role for Edwards 





PAUL F. BIKLE 
For FRC, a period of major growth 
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X-15 remains primary project at Flight Research Center 
but officials expect FY '63 budget to double if step-up 
occurs in perfecting landing system for Apollo vehicle 


NASA’'S FLIGHT Research Center 
at Edwards AFB, Calif., is one to watch 
in the area of space operations support. 

Right now FRC officials are predict- 
ing their FY °63 budget will hit $13.6 
million—double the $6,588,000 being 
spent in the current fiscal year—and 
spending may go as high as $20 million 
in 1970. 

This forecast appears partly depend- 
ent upon just how major a role the 
center is given in the development of 
booster and space vehicle recovery sys- 
tems in support of Apollo and Dyna- 
Soar. 


FRC is assuming that both Apollo 
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and Dyna-Soar will be recovered in the 
vast desert areas surrounding Edwards. 
But no decision has been firmed up yet, 
either by NASA or the Air Force. 

In any event, FRC is embarking 
shortly on an extensive program in the 
evaluation of the Rogallo wing, which 
may be used in the recovery of big 
boosters and possibly spacecraft 

© In-house oriented — Like Ames 
Research Center, the Edwards facility 
is mainly oriented in-house. It is rather 
small compared to other centers, having 
419 employees. This figure will go up 
in FY ‘62 to an authorized 494. 

Over the next 18 years, FRC offi- 
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cials hope to broaden the center’s abili- 
ties. They see their efforts moving in 
the following directions: 


% of Effort 


Fields 1962 1965 1970 
Propulsion—Environment 5 7 7 
Fluid Mechan.cs 10 9 2 
Operating Problems 5 5 5 
Recovery Systems — WW 19 
Muteriuls, Loads, 

Structures 20 14 14 
Aerody namics 25 20 #15 


Orbital Rendezvous — 8 8 
Control! and Guidance 35 25 30 


The primary program at FRC is 
still the X-/5. The program is now at 
peak level and will probably stay that 
way for another year in support of addi- 
tional research programs. 

FRC officials say there is a “very 
wide field” open with the X-/5 aircraft 
in experiments involving high-tempera- 
ture, high-mach number flight regimes. 
There are a tremendous amount of 
X-15 inputs and proposals from many 
sources. When they are all milked down, 
the X-J5 becomes the only vehicle 
available for them. But as presently 
scheduled, the X-/5 will be phased out 
in about 18 months. 

“We have only scratched the sur- 
face of X-/5 possibilities and intend to 
maintain about the same amount of 
work with the aircraft well into 1963,” 
a FRC official says. 

@ Dyna-Soar switch — The center 
already has a major effort going on 
Dyna-Soar. Three NASA pilots are as- 
signed to Boeing for the project, and at 
least one of the three is at Boeing at all 
times. 

For Dyna-Soar, FRC will step out 
of the familiar operational phase it has 
held in programs such as the X-/5 and 
move into technical support. 

FRC is also developing some Dyna- 
Soar hardware specifications to assure 
that maximum benefit will be obtained 
from the test program. The center's 
approach to this area is much the same 
at is was for development of X-/5 
technical data. When this phase of 
Dyna-Soar is completed by FRC, it 
will spend a good deal of time planning 
for overall Dyna-Soar operations. 

In another area of Dyna-Soar, FRC 
will play a large part in developing 
itstrumentation specifications to get 
needed data and research information. 
It will also have the responsibility for 
reduction and publication of Dyna-Soar 
data. But, FRC project directors point 
out, the center will only be involved in 
technical aspects—the Air Force will 
handle all Dyna-Soar operational areas. 

If Dyna-Soar and Apollo are re- 
covered at Edwards AFB, a buildup of 
FRC’s recovery and tracking capabili- 
ties would be needed. But the center 
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says this would not be a major project 
as far as installation of a large amount 
of additional equipment is concerned. 
Much of what would be needed for 
both projects is already at hand and in 
use for the X-/5 program. Some equip- 
ment modifications would be in order, 
but FRC already has the capability to 
guide a manned vehicle recovery. 

FRC is developing some _instru- 
mentation requirements for Apollo re- 
covery and has been working on lunar 
landing studies. 

The center is studying rendezvous 
techniques using a manned system, and 
has built a small development model of 
such a system. Still other work includes 
some studies of non-winged lifting 
bodies. 

e Aircraft work—aA very large por- 
tion of FRC work will be on the super- 
sonic transport. The center is slated to 
receive its first B-58 next spring ‘or 
operational and SST handling studies. 

There is a considerable amount of 
cross-over between the work at FRC 
and at Ames. Some of the same areas 
are being studied but from different 
points of view. Ames is concerned with 


large amounts of research. FRC is con- 
cerned more with development aspects. 

FRC facilities include the basic 170- 
acre “corner” at Edwards AFB. It has 
a large laboratory area, two hangars, 
supporting shops and shop equipment. 

There are four fixed-buase simula- 
tors, but no motion simulators at the 
present time. In the future, a general 
purpose flight simulator, a high-temper- 
ature loads calibration facility and other 
additional buildings are planned. 

The center looks upon its aircraft 
as simulators. Going back upstream 
in the X-J5 program, FRC’s variable 
stability F-100 and reaction control- 
equipped F-104 have both made major 
contributions to the X-/5 as well as 
other programs. The X-/5 itself can 
well be considered a simulator for still 
more advanced hardware and flight 
techniques. 

Most of FRC’s budget goes for its 
own operations. Its procurement runs 
mostly to relatively small purchases. It 
prefers to operate similar to Ames—buy 
the parts it needs, but put together its 
own systems to meet its own specific 
requirements. n 
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PS61-7—60 cps—400 cps 


These two units are examples of the way UNITRON 
assisted the Alpha Corp., a Division of Collins Radio, 
with their frequency conversion problems. UNITRON 


also specializes in high performance inverters, DC to DC 


converters, and power supplies. 


Contact UNITRON 
concerning your 
power conversion 
problems. 
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Reduce q This semiconductor network data 


processor was developed by Texas 
Instrurnents Incorporated under the 


@ direction of Manufacturing and 
a Electronic Technologies Loe 


Your a ci 
Microelectronic Design Time 


with Series 51 gouzzw crmevre semiconductor networks 


HERE’S HOW: bee designed to fulfill logic functions of complete equipment assemblies—com 
patible with most of today’s logic circuitry 





low power drain minimizes thermal problems and reduces power supply 
requirements. 


advanced manufacturing techniques including diffused planar structures, 
deposited leads, oxide protection, and hermetically sealed package—offer 
you the potential for improved circuit reliability 


today’s ultimate in microelectronics—with the highest function/size ratio 
for your digital circuits or equipments 


provide reduced microelectronic cost through TI's standard silicon wafer 
design. 


meet military requirements 


Power Drain—_— 2-4 mw @ 3 volts 
Fan-Out (TI SN 510, wees 1 
Fan-Out (TI SN 511, 513 — | 
Propagation Delay 75 to 450 nsec 
Power Supply___ 3 to 6 volts 
seam saan tange 55° to +125°¢ 
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NEW BFG SOLID PROPELLANT 
PACKS MORE PUNCH OVER 
EXTREME TEMPERATURE RANGE 


A new series of high-density propellant compounds, 
called Nitro-C rubber, provide 6% more energy 

per pound than present rubber-based fuels. 

This increased output permits reduction in weight 
and physical size of small rocket motors. 

The propellant retains its physical properties 

over an extreme temperature range .. . from 
-110°F to +250°F ... and is vastly superior to othe 
high-energy composites at both temperature 
extremes. This makes the propellant dependabk 
for tactical military missiles, as well as for 
high-mass-ratio motors for space probe and satellité 
applications. The B.F.Goodrich Rialto Plant, 
which developed the Nitro-C compounds, is 

roe Lth} s)eccreMcomertelelcmeels) (occ jet ti Muse <ommerleleeys 





projects ... from research through design, testing 
Evite M@ esaselt lea leeMm ce) mut eels) clecmleli esta moselee 
B.F.Goodrich Aerospace and Defense Products, a 
division of The B.F.Goodrich Company, Akron, Ohio. 


B.EGoodrich / aerospace and defense products 
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Raytheon brings proven guidance and \se 


Three techniques are currently available to meet the challenge of Space Rendezvous Guidance: 
radar, infra-red and optics. Of these techniques, radar has been used for homing guidance systems 
to the greatest degree. Studies by Raytheon, whose radar experience spans three decades, 
have indicated that continuous wave radar possesses these desirable characteristics: 

@ No minimum or ‘blind’ ranges ® Direct and accurate velocity readings 
@ Ease of acquisition 


@ Greater range for a given weight 
@ Simple FM Techniques for ranging 


® Greater simplicity and reliability 


1d sensor capability to space rendezvous 


ance: 
tems 
des, 


The experience gained from the inertial guidance system for the advanced Polaris, coupled with 
the proven success of the Hawk and Sparrow C W homing systems give Raytheon the most 
extensive proven capability applicable to the space rendezvous guidance problem. 


In addition, 
proven its ability to manage every phase of a complex system - 
through development, production and field support of operational systems and equipment. 


taytheon, one of the world’s largest scientific-industrial organizations, has 
from early study and design 


Missile and Space Division, Bedford, Massachusetts 
RAYTHEON COMPANY 
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STL has moved to its Space Technology Center, built on a 110-acre site at 





—— 


Space Park, Redondo Beach, California. This new industrial complex is designed 
specifically for research, development, fabrication, integration and test of 
spacecraft, subsystems, components and ground support equipment for manned and 
unmanned space missions. A major feature is the high-bay manufacturing building 
which provides complete facilities for the manufacture of electronic, mechanical 

and structural hardware, and for sophisticated environmental testing employing 

a broad spectrum of simulated conditions affecting the launch and performance of 
spacecraft. In the thirty-foot diameter space simulation chamber, 


rigidly controlled simulation of solar heating, space vacuum and vehicle heat 


es 


radiation to outer space permits acquisition of data to give maximum assurance of 
quality and reliability. Available for current and future STL programs, the 
augmented manufacturing facilities at Space Technology Center will soon be producing 


standardized Orbiting Geophysical Observatory satellites for NASA, in the 


tradition of tectinical excellence and performance typified by Pioneer V. 








SPACE TECHNOLOGY LABORATORIES, ING” 


a subsidiary of Thompson Ramo Wooldridge Inc. 


One Space Park, Reddndo Beach, California 
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ASTRONAUTICS 


icrometeoroid Studies Pushed 


Particle velocities of 20,000 ft./sec. are being achieved 
Technical Operation Inc., of Burlington, Mass., in its 
udies of micrometeoroid collisions with space vehicles 
sing a “gun” based on the exploding bridgewire principle, 
micro-size particles are accelerated and impacted against 
ples of various metal now in use in spacecraft hull con- 
ction. Work is sponsored by Aeronautical Systems Div. 
pf AFSC. Test results will aid in determining “probable 
fiects”. However, past space flight research has indicated 
that micrometeoroids in infinite numbers traveling in show- 
rs may attain velocities up to 250,000 ft./sec 


Advanced Control System Developed 


Rotatable auxiliary rockets are used in a new missile 
pace vehicle control system developed by Allison Division 
bf General Motors. Designed for altitude and velocity con- 
trol, it provides highest payload yet of any thrust-vector 
stem, developers say. Described as highly efficient and 
fompact, the control system can operate fore and aft of main 
propulsion motors to assist in staying, velocity trim, and 
boast 


PROPULSION 
K-15 Headed for New Heights 


Having carted away all the speed records in sight, 
NASA's X-/5 experimental rocket plane is literally looking 
around for new horizons to conquer. Around the middle 
of next year, according to one Edwards AFB source, the 
X-15 will be flown at much higher altitudes—around the 
400,000 ft. mark. The plane now holds the unofficial altitude 
fecord of 217,000 ft. for manned, powered flight. Main 
spoint of controversy in the high-altitude flight program is 
whether the existing powerplant can do the job. As yet, this 
question has not been resolved 


SUPPORT EQUIPMENT 
New Facilities for Goddard 


Goddard is planning to install a series of “exotic” facili- 
lies to check out satellite payloads In the works are a 
Magnetic test facility able to produce rotating and control- 
lable and magnetic fields, a moment-of-inertia facility for 
lesting spacecraft control systems, and—still a few years 
off—a 100 ft. centrifuge for work with OGO and POGO 
Satellites. These facilities are in addition to two environ 
mental chambers the Center has under construction 


Thiokol Diversifies Into Ground Vehicles 


A lightweight, low-cost tracked vehicle produced by 
Thiokol’s Logan works is under review by the Army. The 
unit, capable of climbing 45°-plus slopes and traveling over 
mud, snow, sand and rocks, has already been accepted by 
the Air Force. Commercial applications are also under 
investigation 
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SPACE MEDICINE 


Martian Microorganisms a Menace? 


Space-vehicle sterilization is a two-way street. Human 
survival on earth could depend on avoidance of contamina- 
tion from returning vehicles, Lockheed Missile & Space Co. 
scientists assert. The group has proposed a five-year program 
to study biological decontamination techniques and to build 
ground and in-flight sterilization units before round-trip 
space missions are effected. 


ADVANCED MATERIALS 


Cermet Coatings Protect to 2500°F 


AMF scientists have protected molybdenum against 
oxidation for five hours at a temperature of 2500°F with an 
electrodeposited layer of an Ni-Si cermet 5 mils thick. In 
parallel tests a Ni-Zr oxide cermet, also 5 mils thick, stood 
up on molybdenum for 468 hours at 2000°F. These and 
other systems were prepared by co-depositing the particles 
with the metal in the baths 


Tungsten Nozzle Liners in Production 


Rocket nozzle liners and jet vanes of high-pressure cast 
tungsten alloy are in production at Oregon Metallurgical 
Corp. The material is directly forgeable without prior break- 
down, due to the fine grain structure. The casting is made 
by pouring arc-melted molten metal into rotating graphite 
molds 


Three-Story Electron Beam Furnace 


Temescal Metallurgical Corp. has turned out a tantalum- 
tungsten ingot 7 in. across and 6 ft. tall. The ingot was 
formed in a three-story electron beam furnace capable of 
more than a million pounds per year of exotic metals. The 
ingot size will make possible economical production of 
larger missile parts. The 90Ta-10W alloy can take tempera- 
tures ranging from —420° to 6500°F 


Non-polymeric Polymers Through Radiation 


The National Bureau of Standards has succeeded in 
polymerizing such normally non-polymeric monomers as 
carbon disulfide by initiating the reaction with radiation and 
favoring it with pressure. While the work has not progressed 
far enough to warrant detailed conclusions, some general 
theories have been formulated on the pressure effects and 
reaction parameters 


Navy JATO’s at McGregor 


Rocketdyne will be producing MK-25 JATO’s under a 
BuWeps contract at the firm’s McGregor facility in Texas 
The units provide 4500 lbs. thrust for five seconds and 
contain a flameless propellant. The exhaust gases will not 


produce fogging conditions which might hamper takeoff 
operations 


151 





From Monsanto FluiDesign Service... 


FLUIDS TO HELP TAME FIRE HAZARDS 








Fire-safe hydraulic lifts, 
loaders, and launchers! 


A hydraulic oil leak sprayed 
from an underground service 
elevator can ignite on contact 
with a welding torch, an arcing 
circuit breaker, even a broken 
light bulb. Chance ignition of 
a flammable fluid in a missile 


launcher, mobile lift, or weapon 
loader could cause disaster, de- 
stroying both missile and base. 
Monsanto can supply a whole 
series of fire-resistant all- 
synthetic hydraulic fluids that 
operate reliably over a wide 
temperature range. They will 
not corrode metals; will not 
clog pumps or valves; will re- 


sist change in composition or 
physical properties even after 
years of storage and service. 
For maximum fire protection 
of below-ground military in- 
stallations, put Monsanto fluids 
specialists to work—checking 
out ignition dangers with your 
“*hard” base hydraulic equip- 
ment designs. 








MONSANTO FLUIDESIGN SERVICE OFFERS YOU: 





1. Sophisticated application experience with fluids 



























































2. Years-ahead research on new types of fluids 
3. Time-saving facilities for testing new uses 
4. More job-proven functional fluids than any other manufacturer in the world 
5. Design-oriented know-how to help you develop more compact, safer, and 
more reliable equipment 
TYPICAL PROPERTIES | JO) ore nice VISCOSITY POUR mG Tena | Svecic jaml 
MONSANTO FLUIDS (°F) (a °F) (°F) PERATURE ( F) 25 23 
._ 
15.5 @ 100 
® on ai 
SKYDROL® 7000 40te200 | J%5@ 390 | <-70 200 1.08 | | | 
2300 @ —65 = 
SKYDROL 500A ~65t0225 | 11.5@ 100 | <—85 225 1.07 | 
3.92 (a 2 1 ° 
10.0 @ 100 i: 
® ~ ° a oa | 
PYDRAUL® 60 2510200 | 345. 210 70 200 1.09 4 
— — 
30.8 «@ 100 
PYDRAUL 150 —15 te 200 8.0 @ 210 —55 200 1.13 
= 
47 «@ 100 | 
PYDRAUL F-9 +50 to 300 5.5 210 °o 300 1.28 | 
, = 
PYDRAUL A-200 | +50to300 | . 3) : ben +10 300 1.42 g 
88.2 @ 100 oh 
2a 
PYDRAUL AC +69 to 300 5.15 @ 210 +20 300 1.35 | | 
+}— 
34.0 @ 100 
OS-81 +50 to 300 3.1@ 210 +20 300 1.40 | 
+ | 
THESE DIELECTRICS AND FIRE-RESISTANT FLUIDS | ass 
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AT “HARD” BASES 








Fire-safe electrical 
generation and distribution! 


If you are designing, installing, 
or operating electrical power 
systems for below-ground serv- 
ice, let Monsanto guide you to 
greater fire safety for these 


vital installations. Oil under 
ground, in bulk storage or in 
service, can be hazardous—far 
more critical than above ground. 
Monsanto fluids assure greater 
safety—with fire-resistant tur- 
bine lubricants, fire-resistant 
dielectric fluids for high confi- 
dence level transformers in sub- 
station distribution points. 


Transformers filled with 
Monsanto fire-resistant askarels 
have been used for years by 
major utility companies to as- 
sure safe, reliable performance 
of their equipment. Build maxi- 
mum fire safety into your 
ground support equipment 
with Monsanto fluids that 
eliminate fire hazards. 








BE SURE TO GET 
YOUR FACT-PACKED 
FLUIDESIGN FILE. 
WRITE ON YOUR 
LETTERHEAD TO: 


Monsanto Chemical Company 


Monsanto 


Organic Chemicals Division 
FiuiDesign Service, Dept. 4454CC 
St. Louis 66, Missouri 




































































COEFFICIENT HARDWARE 
— ae SAE OF COMMERCIALLY FLUID FIRE 
°C MODULUS TENSION THERMAL AVAILABLE FOR STATUS RESISTANT 
pi @ 77°F (dynes /em) EXPANSION FLUID USE 
328,000 28.9 0.00042 YES ee YES 
308,000 30.8 0.00045 YES ” YES 
) 328,000 -_ 0.0004 YES ” YES 
; 319,000 _ 0.00042 YES ” YES 
; 387,000 = 0.00041 YES ” YES 
4 400,000 _ 0.0004 YES ” YES 
; 375,000 - 0.0004 YES ” Yes 
— -_ 
) - - - le 
— 
DS | ASSURE RELIABILITY AND SAFETY 
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for precision...economy...reliability 


Capabilities and facilitic 3 for sat idy, design, 
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You’re looking at a tape-programmed jig borer at the Sperry Farragut plant 
in Bristol, Tennessee. 
Part of one of the country’s largest such machine tool installations, it quantity production of precision systems, su 


output is devoted exclusively to the economical production of precision 
of ¢ Missile quidance and control 


evaluation, prototype construc 


7 
systems, and com pone nits for 


mechanical and electromechanical component reliable components 
intricate control systems that guide many of the nation’s successful missile ¢ Fire control 


and satellite “shots” and that will guide SATURN space exploration 


e Aircraft instrumentation 


Advanced machine tools of this type are typical of Sperry Farragut’s ¢ Navigation—land, air and sea 
modern production facilities, which include one of the most extensive and ¢ Computers 
up-to-date “clean room” areas for precision assembly work, and comprehen ¢ Trail marking equipment 


sive equipment for product environmental evaluatior 
At Sperry Farragut, full realization of equipment potentialities is assured 
by a highly trained staff with wide experience in guidance system production 
1d dedicated to achiev 


skilled personnel motivated by a sense of urgency and ic 
ing the highest quality and reliability attainable SPERRY ARRAGUT 
Contracting agencies and government contractors are invited to talk over COMPANY 
application of Sperry Farragut facilities and capabilities to their specifi ‘A 
projects. Our liaison engineers will welcome an opportunity to discuss you) c , AT 


requirements. O.3 ; BRISTOL, TENNESSEE 
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ENGINEERS ARE CHARTING A NEW COURSE AT AC 


AC's newest assignment is Systems Integrator for the modified B-52C4&D Bombing Navigation System. 
AC's responsibility includes program and engineering integration, and coordination of associate contractors 
n the production phase. @ Other programs at AC include a new, miniaturized inertial guidance system for 
the TITAN II missile. In addition, AC's Los Angeles Advanced Development Laboratory is currently develop- 
ng Advanced |INertial Guidance Systems. @® AC is seeking qualified men to work on these important 
projects. If you have a BS, MS or PhD in Electrical Engineering, Mechanical Engineering or Physics, please 
contact Mr. G. F. Raasch, Director of Scientific and Professional Employment, Dept. 5753, 7929 South Howell, 
Milwaukee 1, Wisconsin. An Equal Opportunity Employer. @ Immediate positions available: 


Milwaukee Los Angeles 

Radar Systems Engineers « Radar Test Engineers (Advanced Inertial Guidance Systems—Airborne Computers) 
Radar Reliability Engineers « Design Review Engineers Transistor Circuit Design Engineers 

Contact Engineers « Field Service Engineers Sr. Digital Computer Development Engineers 

8 AChiever Inertial Guidance Systems for TITAN Il, THOR and MACE—Bombing Navigation Systems for the B-52C4D 


and B-47—AChieverfone mobile radiotelephones. 


AC SPARK PLUG # THE ELECTRONICS DIVISION OF GENERAL MOTORS 
MILWAUKEE « LOS ANGELES «* BOSTON 
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—roducts and processes 


Pulse Modulated Rocket 


A significant advance in space ve- 
hicle control devices may accrue from 
development of a pulse-modulated bi- 
propellant control rocket at Vickers 
Inc. The control rocket incorporates a 
solenoid, bipropellant valves, and thrust 
chamber in one compact unit, to insure 
reliability, fast response, efficiency, and 





combination of N.,O, and N,H,/ 
UDMH. The control rocket shown was 
developed for vernier attitude correc- 
tions of space vehicles with a pulse 
modulated thrust level of 1 lb. The 
unique design results in an overall re- 
sponse time in milliseconds, excellent 
repeatability of impulse bits, and power 
input requirements of only a few watts. 





low power input. 


It uses a bipropellant 
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Interelectronics all-silicon thyratron-like gating elements and cubic- 
grain toroidal magnetic ts convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts. 

Ultra-reliable in operation (over 260,000 logged hours), no moving 
parts, unharmed by shorting output or reversing input polarity. Wide 
input range (18 to 32 volts DC), high conversion efficiency (to 92%, 
including voltage regulation by Interelectronics patented reflex high- 
efficiency magnetic amplifier circuitry). 

Light weight (to 6 watts/oz.), compact (to 8 watts/cu. in.), low 
ripple (to 0.01 mv. p-p), excellent voltage regulation (to 0.1%), precise 
frequency control (to 0.2% with Interelectronics extreme environment 
magnetostrictive standards or to 0.0001% with fork or piezoelectric 
standards). 

Complies with MIL specs. for shock (100G 11 misc.), acceleration 
(100G 15 min.), vibration (100G 5 to 5,000 cps.), temperature (to 150 
degrees C), RF noise (1-26600). 

AC single and polyphase units supply sine waveform output (to 2% 
harmonics), will deliver up to ten times rated line current into a short 
circuit or actuate MIL type magnetic circuit breakers or fuses, will start 
gyros and motors with starting current surges up to ten times normal 
operating line current. 

Now in use in major missiles, powering telemeter transmitters, radar 
beacons, electronic equipment. Single and polyphase units now power 
airborne and marine missile gyros, synchros, servos, magneti plifi 

Interelectronics—first and most experienced in the solid-state power 
supply field produces its own all-silicon solid-state gating elements, all 
high flux density gnetic comp ts, high temperature ultra-reliable 
film capacitors and components, has complete facilities and know how 
—has designed ond delivered more working KVA than any other firm! 

For compiete engineering data, write Interelectronics today, or call 
LUdlow 4-6200 in New York. 

















INTERELECTRONICS CORPORATION 


2432 Grand Concourse, New York 58, N. Y. 
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Pyrotechnic Initiators 


Pyrotechnic initiators with elec. 
tronic circuitry are in production by 
Fleming Industries, Inc. Designated 
Model IN-113, the heavy-duty elec. 
tronic unit contains a low brisance 
squib which will not fire with 250 VAC 
RMS applied continually but will al- 
ways fire at 500 VAC RMS (700 VDC) 


or more. The squib has a controlled 
burning rate for igniting secondary 
charges without detonation. The initi- 


ator is completely shielded and filtered 
for protection against RF and other 
radiation. 

Circle No. 226 on Subscriber Service Card 


Vertical Sensing Element 


Kearfott Division, General Precision, 
Inc. has available the 218995-1 eiectro- 
magnetic vertical sensing element. This 
gravity-sensitive, liquid, damped pendu- 
lum device can be applied to any 
vertical sensing situation requiring an 


— 





jewel-suspended 
variable 


electrical output. A 
permeable mass acts as the 
reluctance portion of two orthogonally 
mounted differential transformers to 
provide a phase-sensitive output signal 
proportional to tilt angle. 


Circle No. 227 on Subscriber Service Card 


Magnetic Measurement 


A light-spot ballistic fluxmeter that 
can be used for flux and strayflux meas- 
urements on permanent magnets, d< 
electromagnets and solenoids of all 


kinds is available from Halltest Divr 
| sion, Instrument Systems Corp. The 
missiles and rockets, November 27, 196! 
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A lot of jobs—especially in missiles—need room to com- 
plete. It takes inner space to prepare for outer space. It 
takes skills and long experience to work with metals in the 
large way some of your jobs require. 

General American’s Plate & Welding Division has the 
space, the skills and the experience you need, whether 
your problem is one or a dozen special pieces, or a con- 
tinuous operation involving thousands of units. 

General 
shields, atomic waste evaporators and missile equipment 


American has produced lox vessels, radiation 


components. We are known around the world for the tanks 
we have fabricated and erected—tanks for storage of 
petroleum products, acids, chemicals and water; tank cars 
for transportation of any kind of liquid. We are constantly 
at work on projects that involve cutting 
and stress relieving of large 


, forming, milling 
metal structures. Our back- 
ground in aluminum and alloy steels is considerable. 
When a job requires custom fabrication of metal—any 
metal—we generally can handle it faster and better than 
any one else. We would like to work for you. 


late & Welding Division 


GENERAL AMERICAN anita CORPORATION 


135 South LaSalle Street * Chicago 3, Illinois 


PLATE & WELDING 


Offices in pri? 


\ W 
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instrument is also capable of short-time 
impulse measurements from 0.1 milli- 
second up to 1 second. Other speci- 
fications include ranges of 500-1000- 
2000 - 5000 - 10,000 - 20,000 - 50,000- 
100,000-200,000-500,000 Maxwell 
turns/division. Internal resistance is 40 
ohms, approx., in lowest range. Load 
resistance (test coil) is 0-60 ohms in 
lowest range and 30 ohms in other 
ranges. Absolute accuracy is + 1%, 
relative accuracy is +- 0.2 divisions. 

Circle No. 228 on Subscriber Service Card 





Noise-Free Power Supply 


A noise-free family of power sup- 
plies, featuring precise voltage regula- 
tion for both line and load, is available 
from Raytheon. The six Sorensen QIS 
60-cycle models and the six DQIS 400- 
cycle models are transistorized, minia- 
ture 115-volt AC/DC, sine-wave in- 
verters. Operating from 12 or 28-volt 
DC inputs, the 12 units’ outputs, ob- 
tained from a Class B amplifier, are 20, 
40, or 60 watts. An ideal replacement 





the beautiful 


OFFERING YOU:— 


Conditioning. 


FINANCING AVAILABLE 








LANDMARK 


Co-operative Apartments 


NOW 
UNDER CONSTRUCTION 
Completion Date: February 1962 


RIVERFRONT LOCATION 
OPPOSITE THE YACHT BASIN 


First & Only Daytona Beach Co-op Apt. 


Luxury Colonial design, 12 story Twin Buildings with 
2 High Speed Elevators for Each Building . . : Serving 
only 4 apts. to Each Floor. 


ALSO, FOR YOUR ENJOYMENT:— 


Beautiful Landscaped Grounds, Swimming Pool, Golf 
Putting Greens, Lounge for your own entertainment, 
Under-cover parking for each apt., Central Heat & Air 


EACH APARTMENT SOLD WITH WARRANTY DEED AND 
TITLE INSURANCE COVERAGE 


OFFICE LOCATED ON SITE OF CONSTRUCTION 
404 S. BEACH ST.-CL 5-3684 
DAYTONA BEACH, FLA. 
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Circle No. 29 on Subscriber Service Card 


for vibrators, the Sorensen supply has 
eliminated frequency noise and reduced 
audio noise to a negligible amount, 
Applications include tape motors, small 
magnetic amplifiers and gyros, and sim- 
ilar equipment operating indirectly from 
batteries. 
Circle No. 229 on Subscriber Service Card 


Low-Weight Antenna Mount 


Weighing less than 1000 Ibs., an- 
tenna mount Model 28, a servo con- 
trolled pedestal for shipboard and 
ground-based application, is available 
from Temec, Inc. It is designed for use 


_ in telemetry reception and the tracking 


of aircraft missiles and satellites. Special 
features include gyro stabilization for 
shipboard use, a complete solid-state 





a-c servo system and automatic beam 
crossover switching from 3db to 9 db. 
Current production model employs a 5- 
ft. reflector for use in the 5 kmc. range, 
but other reflectors and frequencies are 
available on order. The curernt system 
has slew rates of 36°/sec., and accelera- 
tions of 130°/sec./sec. 


Circle No. 230 on Subscriber Service Cord 


2500 Channel Repeater 


Philco Corp. has developed a low- 


cost coaxial cable communications re- 
| peater with bandwith capability of 2500 


voice channels. The tubular 6 in. x | 
in. cable repeater weighs only a few 
ounces. A cable communications sys- 


tem, employing the 2500-channel ca- 


missiles and rockets, November 27, 1961 








e Ch 
ment: 
Man 
son 

Calif 
New | 
and n 


aay 


le 


ial 
or 


ge, 


OW 


500 
x | 
lew 


sVS- 


761 








@ HATHAWAY INSTRUMENTS, INC., (See also The Lionel Corporation) 


@® THE LIONEL CORPORATION, (Now in 


¢ Clemco Aero Products, Inc., Gardena, California « Dale Electronics, Inc.. Columbus, Nebraska e Hathaway Instru- 


ides Hathaway Instruments, Inc.) 


ments Division, Denver, Colorado ¢ Induction Heating Corp., (Ther-Monic® ), Brooklyn, New York ¢ Intercontinental 
Manufacturing Co., Garland, Texas « Lionel Electronic Laboratories, Brooklyn, New York « Lionel-Wadsworth, (Ultra- 
son” ), New York ¢ M. Steinthal & Co., New York & Roxboro, North Carolina ¢ Sterling Electric Motors, Inc., Los Angeles, 
California bd lelerad Division. | le mington. Ne “ le rsey e Lionel Toy and Train Division (and Lionel Porter FP New York, 
New York The mereing of Lione l and Hathau ay cenerates an unusual ( apability in the fields of electronit 8. hydrauli« Ss. 
and nucleonics. From components through subsystems to complete military systems projects. Lionel can be counted upon 


asa proven source u ith a new corporate competence 


THE LIONEL CORPORATION 


Executive Offices: Hoffman Place, Hillside, New Jersey 
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pacity repeater, initially costs about the 
same to install as a typical 240-channe! 
microwave system. Multiplexing equip- 
ment would be used at either end of 
the system, as in a microwave system. 
Circle No. 231 on Subscriber Service Cord 


Drill Speeder 


Following the first Drill Speeder 
Model #62 which increased spindle 
speeds at a ratio of 7 to 1 with a 
maximum drilling speed of 22,500 rpm, 





Tapmatic Corp. has added the Drill 
Speeder Model #125 to their line. This 
unit has a ratio of 6.25 to 1 and a 





INSULATION 













SPACER 


OUTER VACUUM JACKET 





BAYONET TYPE 
END FITTING 


INNER HOSE AND 
PRESSURE CARRIER 


INNER BRAID 


Ea 


CRYOGENIC 





transfer LINES 


DK manufactured vacuum jacketed cryogenic 
lines have exceptionally low heat exchange! 


Take a close look at the design and construction 
of the vacuum jacketed transfer line shown here. 
You'll quickly see why it answers the problem of 
transferring costly cryogenic materials most 
adequately! 


DK has combined experience, design capability 
and advanced manufacturing technique into pro- 
ducing a wide selection of vacuum jacketed 
transfer lines constructed of flexible metal tub- 
ing, rigid tubing and vacuum jacketed gimbals in 
many combinations. These cryogenic lines are 
finding diverse applications in Airborne as well 
as G.S.E. service. Available in standard sizes or 
in special designs to meet special needs. 


Our new brochure has complete information in- 
cluding test data. Write, wire or phone for a copy 


© Cryogenic Storage and 
Transfer Devices: Containers, 
Hose, Ducting, Piping 

@ Pressure Vessels: Titanium, 
Stainless, Steel, Inconel, 
Monel, Aluminum, Copper 

© Certified LOX Cleaning 
Facilities 

© Certified Testing Facilities 
@ Complete Fabricating 
Facilities 


@ Approved Quality Control 


today. Ask about “vacuum jacketed cryogenic 
transfer lines.” 
* DK MANUFACTURING COMPANY 
ar 5059 South Kedzie Avenue + Chicago 32, Illinois 
an 


DUNBAR KAPPLE DIVISION 


North Island Avenue « Batavia, Illinois 
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capacity from #80-%”". The Mode] 
#125, permits quick and easy installa- 
tion on all types of drilling machines, 
The Tapmatic Drill Speeders can be 
used in manual, semi or completely 
automated operations on all types of 
drilling machines. 
Circle No. 232 on Subscriber Service Cord 


VSWR Power Meter 


A feed-thru power meter and VSWR 
Power Meter, Model VM-2, covering 
the range of 1 to 30 MC and Model 
VM-1, covering the range of 10 to 200 
MC, is available from Electro Impulse 
Laboratory, Inc. These RF power 
meters consist of a voltage divider of 


a ee 








the feed-thru type and a reflectometer. 
The frequency range of the voltage 
divider is d-c to the upper frequency 
limit of the instrument. A crystal diode 
across a portion of the voltage divider 
measures the RF voltage which is in- 
dicated on a volt meter calibrated in 
watts, Because of this feature, the volt- 
age divider can be calibrated at power 
line frequencies. 
Circle No. 233 on Subscriber Service Card 


Angle Drives 


The F. W. Stewart Corp. is market- 
ing two angle drives. The 90S56HF 
(T-drive) and 9056-119 (Right Angle 
Drive) are provided with % in. diam- 
eter shafts out to a \¢ in. flat to provide 
a stronger attachment for coupling ends. 
Primarily used with flexible shafting, 
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ALERT: Litton Communication Systems Advance the Defense Posture of the Free World 


Management of electronic communication systems 
is a proven capability of Litton Industries, whose 
European facilities alone include 750,000 square 
feet under roof and a 3600-man team of engineer- 
ing, manufacturing and field support specialists. 


Professionals qualified to contribute to or direct 
research, engineering, production or field service in 
communications and allied fields are invited to 
investigate the broad spectrum of career oppor- 
tunities at Litton. An equal opportunity employer. 


LITTON SYSTEMS, INC. 


BEVERLY HILLS, CALIFORNIA 
A DIVISION OF LITTON INDUSTRIES 


TECHNOLOGIES: ADVANCED COMMUNICATION AND DATA RECORDING - COMMAND AND CONTROL - GUIDANCE 
AMD CONTROL - COMPUTERS - SIDELECTROWICS + SPACE SCIENCE + ELECTRONIC COUNTERMEASURES 











Department Head— 
Aerothermodynamics 


This new position is currently available 
in our Engineering Sciences activity. 
We are seeking an outstanding scien- 
tist who has the stature and maturity 
to provide technical leadership for a 
small group of highly qualified aero- 
thermo Lge performing studies 
concerned with advanced rocket pro- 
pulsion systems. 

The position requires a high degree of 
creativity. Selected candidates will 
possess a record of major responsibility 
and accomplishment in this field, and 
will be thoroughly knowledgeable in 
analysis and test work. An advanced 
degree, preferably a doctorate, in me- 
chanical or aeronautical engineering 
with a minimum of five years experi- 
ence is required. 

This is a stimulating, challenging posi- 
tion with recognized professional lead- 
ers at UTC’s modern multi-million- 
dollar complex, where the very latest 
techniques, methods, ideas and equip- 
ment are available. UTC is located in 
the San Francisco Bay Area, which 
features “West Coast living” at its 
finest. 

If you are interested, we invite you to 
contact C. F. Gieseler, Dept. 109, 
United Technology Corporation, Box 
358, Sunnyvale, California. All replies 
treated in strictest confidence. 


All qualified applicants considered without 
regard to race, creed, color or national origin. 


—— 
United 
Technology 
Corporation 


SUBSIDIARY OF UNITED AIRCRAFT CORPORATION 


Circle No. 31 on Subscriber Service Card 
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these adapters allow for a variety of 
uses far wider than being used in con- 
junction with flexible shafting alone. 


The drives have an ultimate static torque | 


capacity of 25 Ib. in. with a backlash 
of 6°. They weigh 4 oz. and 3% oz. 
respectively. Furnished in gear ratios 
of 1:1, 1:2, and 2:1, other ratios are 
available upon special request. 

Circle No. 234 on Subscriber Service Cord 


Control Rectifier Tester 


Power Sources, Inc., is marketing 
a silicon control rectifier-tester. A sweep 
supply, a gate supply and a divider for 
horizontal and vertical are incorporated. 
The variable sweep supply provides 


0-500 volts; the variable gating supply 





0-7 volts. Vertical output is 50 mv per 
ma. Horizontal output is 1 volt out for 
every 5 volts across the unit under test. 
The unit will test forward leakage, re- 
verse leakage, gate voltage and gate 
current. 

Circle No. 235 on Subscriber Service Card 


Differential Amplifier 


Philbrick Researches, Inc. is market- 
ing the P65 Differential perational Am- 
mplifier. A miniturized plug-in, the P65 
has a direct-coupled input circuit with 
a differential input of 10 volts and com- 





Farrand 


Re 





STELLAR NAVIGATION SYSTEM 
OPERATES ACCURATELY ... 
EVEN IN DAYLIGHT AT SEA 

LEVEL 


In the science of navigation, Farrand pio 
neered the only working daylight image orthi 
con star tracker which operated on stars of 
+3.0 visual magnitude with 2 arc second 
accuracy at sea level. These trackers were firs! 
used in the Polaris Missile program in 1957 
Farrand has since advanced the state of the ort 
in minioturized stellar-inertial navigation sys 
tems 





OVERLAPPING MONOCULARS 
GIVE UNIQUE VISUAL 
CAPABILITY 


The Overlapping Monoculars is a unique in 
vention developed and manufactured by the 
Farrand Optical Company. The device preserves 
man's wide, unaided field of view in periscopic 
instruments without any variation of magnifico 
tion across the field of view. The small entrance 
pupils, the wide, linear, uninterrupted field of 
140° horizontal and 90° vertical, extent and its 
relatively light weight make this instrument por 
ticularly attractive to space tasks 


. . » METROLOGY 


Where alignment, position 
ciated mensuration problems 
Optical Company offers a complete line of off 
the-shelf items such as alignment telescopes 
vertical levelling mirrors and a host of asso 
ciated equipment 

Farrand's activities in the area of electronics 
and optics can only be very lightly covered in 
these few examples. A multitude of Farrand 
designs in communications, optics, sights, track- 
ers, photography, detection, navigation, tele- 
vision and many other fields are covered in ovr 
NEW CAPABILITIES BROCHURE. SEND FOR 
your COPY TODAY 


readou! or asso 


exist, Farrand 


Farran 


OPTICAL CO., INC. 


Bronx Blvd. and East 238th St 
New York 70, New York 
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WA SIGN OF THE TIMES 


In this troubled old world full of bad 
omens and forebodings of doom, a good 
sign is a mighty welcome thing. Even 
when that sign is only an aluminum em- 
blem or identification plate, it’s gratify- 
ing to know that it can be made — and 
will perform without causing you grief 
In fact, we'll go a step further to say that 
making and using sign plates from our 
“Scotchcal” Brand Photosensitive Metal 
Label is a real breeze. With it, you can 
literally bring the metal label making 
capability in-house, where you've got 
full control. No more delays or premium 
charges because yours is a low quantity 
order. Best of all, you can have this capa- 
bility without investing in a raft of spe- 
cial equipment. 





Here's how it works. Using conven- 
tional photo-copy techniques, you make 
a positive or negative film from your 
original art. (Even without a camera, you 
can still make direct or reverse copy 
films from your original with “Scotchcal” 
Brand Photosensitive Exposure Film by 
direct contact printing.) From here on, 
it’s just a simple contact printing rou 
tine on the metal label using most any 
ultra-violet emitting light source. Devel 
opment is merely a matter of swabbing 
the label surface with a single solution 
What's more, no darkroom is needed 
“Scotchcal” Brand Metal Label can be 
safely handled in subdued light. 

To apply the finished label to a clean 
dry surface, you strip the protective liner 
from the back of the adhesive, press it 
in place and that's it. The result 
an aluminum label that’s durable and 
weather resistant. It’s high in fade re 
sistance and stands up well to gasolin 
oil and other hydrocarbons as well. Sign 


up for the full story 


@ UNSTABLE DIMENSIONS 
YOUR PROBLEM? 


When those dimensions are personal 
ones like the distance around the mid 
riff, there’s cause for irritation—but cer 
tainly not alarm. A generous portion of 
will (or won't) power will usually bring 
things back in line. But in precision 
templates, patterns or even chart grids, 
dimensional variance can easily scuttle 


the whole operation. Here the answer lies 
not in control, but in picking the proper 
stock material in the first place. 








PHYSICAL PROPERTIES OF TEN MIL FILM 
j TENSILE AND ELONGATION 
| Lergthwise Direction 
Yield point (ib./inch width) 129 
Elongation at yield point F 4.0 
Break point (it nch width) 208 
Elongation at break point % 110.2 
Crosswise Direction 
Yield point (ib./inch width) 158.5 
-longation at yield point & 4.3 
Break point (1b./inch width) 200 
tl gation at break point F 160 
MULLEN BURST TEST | 
Pounds per square inct 445 | 


Where precise printed impressions are 
concerned, it’s pretty hard to beat our 
PRINTING PRODUCTS DIVISION’s 
“Scotchprint” Brand film. Made in cali- 
pers ranging from 2-10 mils, it’s in a 
class of its own in dimensional stability. 
The change in any direction is less than 
2.0 x 105 inches/inch for each °F or 
each % change in relative humidity. 
Printability too is top notch — either on 
“Scotchprint” in an opaque paper-like 
form or as a translucent material. What's 
more, these impressions can vary all the 
way from delicate lines to half tones and 
solids. Like to see “Scotchprint” with a 
light sensitive coating —or a pressure 
sensitive adhesive? It’s no problem. 
“Scotchprint” film is a rugged per- 
former too in quite a few ways. As a 10 
mil film, it has a break point of 208 
Ibs./in. width. It resists even boiling 
water, mildew, oil, many solvents and 
chemicals—and repeated creasing won't 
crack it. Check the coupon below to 
learn how “Scotchprint” can keep your 
problem in its proper proportions. 


@ TO BOND 
OR NOT TO BOND? 
“7 


be or not to be, that is the ques- 
" In Shakespeare's day, they rattled 





aM] Materials Memo 


News of materials for the aerospace industry — selected from the 27,000 products of the 3M Company 


swords. Today they rattle missiles. Now 
the question becomes, “To bond or not 
to bond?” 

“Reduce the weight and increase the 
strength” is the “hue and cry” in both 
aircraft and missile design. This means 
thin, strong, and often stressed skins 
subjected to maximum loads and ex- 
treme fatigue. Traditional methods of 
metal joining just won't meet the need. 
So — it’s research to the rescue with the 
chemical bond. 





A new technical brochure, available 
from our ADHESIVES, COATINGS & 
SEALERS DIVISION, presents the prin- 
ciples of structural bonding. It points 
out that mechanical fasteners (bolts, 
rivets, etc.) require holes which weaken 
skins and result in stress concentrations. 
Welding and brazing can ruin heat treat- 
ments or distort parts. Conversely, struc- 
tural adhesives distribute loads evenly 
over joint areas, seal as they join, and 
open new horizons of fatigue resistance. 
As an added bonus, the 12 page brochure 
contains a packet of data sheets on the 
3M structural adhesives that helped 
change the old art of adhesive bonding 
to the new tool of the structural engineer. 

lf you would like a copy of this 
“Scotchweld” Brand Structural Adhesive 
brochure, check the box below or ask 
for one from your local ADHESIVES, 
COATINGS & SEALERS DIVISION repre 


sentative 


| l 
| WN dustry Liaison — Dept. VAB-111 | 
| ta Mining & Manufacturing y, St. P Minr | 
| ease send more information on | 
: tchcal” Brand Photosensitive Metal Label Scotchprint” Brand Film : 
| scotchweld” Brand Structural Adhesive | 
| Start j your bi-monthly ; M Bullet | 
| 
Baws | 
ne | 
| | 
| ADDRES | 
| ( Y vt STATE | 
L. caeseese enous cine cumenst-qemcans noite aie tie-ins amp anirent-euneud sien au-emseinisetsnsalisanssaibiiidiininbinmnias = 


Missile Industry Liaison 3m 
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PERFORMANCE NEON /PRosect ADVENT 








ASSIGNMENT: design, build, manufacture, instal! and 
commission two entire ground control stations under direc 
tion of the USAAMA and Sylvania Electric Systems division 
TOLERANCES: critical beyond precedent! Radar accuracy 
to within 0.002° of arc, despite temperature expansion 
of metal components. SCHEDULE: completion within 
one year from declaration of intent! PROGRESS: first ETS-HOKIN & GALVAN, INC. 
phase delivered 3 weeks early; current phases on schedule. ¢<) wicsion ST. SAN FRANCISCO 
SUMMATION: successful execution on our portion of Pro sic indie on Shen eee 
ject ADVENT demonstrates the ability of Ets-Hokin & Galvan Sacramento . Oakland - Las Vegas, Nev 
to handle challenging and difficult projects. Call us, at any et eee ee 
of these locations, for full information on our capabilities. wasnington, D.C. . Honolulu - Kwajalein 


PERFORMANCE wWOW F K PA VOS 
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How good is OPTISYN/ 


Here are some of the facts... 
you be the judge. 


OPTISYN is an incremental shaft- 
angle transducer, capable of generat- 
ing 2048 (or more) precisely-placed 
counting pulses per input shaft revolu- 
tion in tiny Size 11 (1.1 inch case diam.); " 
over 4000 counts per turn in larger . 
sizes. OPTISYN has no gears, no slid- ® 

ing contacts. It can produce 100,000 

reliable pulse counts per second, at shaft 

speeds up to 30,000 rpm! Counters have Sizes 11, 23, end 27 
trouble keeping up with OPTISYN. in growing OPTISYN line. 


WHAT'S THE SECRET? OPTISYN is based on a unique OPTICAL 
GEARING principle that results in 4-times increase in resolution, de- 
pendable wide-aperture optics, and valuable error-averaging. Accuracy 
and reliability are the result. OPTISYN is standard equipment on Titan 
missile, offers 6 years mean-time-to-failure, and ruggedness to mect 
MIL-E-5272C. 


VARIATIONS? Special designs, including pancake shapes, are in pro- 
duction for inertial accelerometers, gyro gimbals, pedestal mounts, 
industrial uses, etc. Output electronics also available to match high- 
performance OPTISYN into your digital system. Want more information? 





4 ~ 
4m DYNAMICS 38 MONTVALE AVENUE STONEHAM, MASS. 


RESEARCH Tel. 438-3900 
CORPORATION Inertial and Industrial. Control System Specialists 
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mon mode rejection of about 10,000 to 
1. Input current is approximately 10-1 
amperes, which can be balanced out to 
10-* amperes with external circuitry, 
Circle No. 236 on Subscriber Service Card 


Hot Helium Valve 


A hot helium valve, designed to 
Operate at temperatures up to 1600°F, 
is available from Security Valve Co, 
Valves come either in solid body angle 
or globe pattern and feature all-welded 


whe P¥ aed 


Jere 





construction. Additional features in- 
clude bellow seals, auxiliary stuffing 
box and vent connection This new 
valve is available in all ASA ratings 
and sizes as well as a wide range of 


| standard and special body connections 


Circle No. 237 on Subscriber Service Cord 


One-Megacycle Flip-Flops 


Navigation Computer Corp. is mar- 
keting the M10 One-Megacycle Flip- 
Flop Module. This basic module has 
five identical flip-flops which will oper- 
ate as a counter at rates up to 2 mega- 
cycles. Each flip-flop has a neon indi- 
cator. Together with a Model MII 
Interstage Delay Module, the M10 
forms a parallel-entry adder which will 
complete a 5-bit addition in a maximum 
of 4 microseconds. The sum in the 
adder can be shifted for serial-parrelled 
multiplication. 

Circle No. 238 on Subscriber Service Cord 


Explosion-Proof Switch 


The Model 610GE Explosion-prool 
Pressure Switch is being marketed by 
Custom Component Switches, Inc. The 
unit is only “% the size of similar 


| switches currently available. The Model 
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HERE'S HOW Tl SOLVES 
SPACE COMMAND /GUIDANCE PROBLEMS 


With experienced systems 
engineering staff-complete 
manufacturing capability- 








product-proved research and 
development laboratories-plus 
time-tested equipments now 
operational, some of which are: 


1. Command System Ground Checkout 
Equipment for Jet Propulsion Labora- 
tory, California Institute of Technology, 
to test Ranger 3-5, NASA lunar probe. 

2. Solid-State FM/FM Telemetry Trans- 
mitters operated in Mercury spacecraft 

4 | flights. 

3. Flight Data Encoder uses high/low- 
level PCM telemetry system... with 
+0.5% accuracy, nulled-out drift. A 
similar 70-channel system has been 
supplied to Jet Propulsion Laboratory 
for Mariner A. 











4. Solid-State UHF Beacon Transponder 
made possible missile tracking by MIT 
Lincoln Laboratories Millstone radar 

5. Digital flight controller/programmer in 
Douglas Aircraft’s Delta Launch vehicle 
helped orbit NASA weather satellites 
Tiros Il and Ill, communication satellite 
Echo |, space probes Explorer X and XII 

6. 3-Channel Parametric Amplifier—Low 
noise operation for C-Band monopulse 
satellite tracker for Bell Telephone 
Laboratories. 

7. Digital Command Decoder for Ranger 
3-5 lunar probes. 





For information on your specific command /guidance requirements, 
contact MARKETING DEPARTMENT. 


si aan iaiaieailel °“~ TEXAS INSTRUMENTS 


sce earn Satara ats }} INCORPORATED 
ANDO HOUSTON, TEXAS 6000 LEMMON AVENUE 
P.O. BOX 6015 « DALLAS 22, TEXAS 
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PRECISION 
HERE 






MEANS : 
ACCURACY zi 
HERE 


Careful welding of massive structures to precise tolerances is just one of the 
skills Blaw-Knox contributes to provide accurate operation of some of the 
world’s largest radar and tracking antennas and radio telescopes. 

Only the skill that comes from many years’ experience provides the master 
craftsman touch that enables Blaw-Knox antennas to be built . . . to the close 
surface tolerances and to the fine pointing accuracies required by our cus- 
tomers. And Blaw-Knox engineering assures the right design to make the 
best use of those skills and Blaw-Knox unique shop facilities. 

Blaw-Knox designs and builds to close tolerances, with minimum deflec- 
tions, at reasonable cost—-fabricates in steel, special alloys and aluminum 
designs to your needs, or builds to your specifications. Complete research, 
engineering, testing and fabricating facilities are at your disposal. Write or 
phone today for immediate attention. Blaw-Knox Company, Pittsburgh 38, 
Pennsylvania. Phone, STerling 1-2700. 


BLAW-KNOX 





ANTENNA 

Blaw- Knox designs and ma fact f Amer ; k wtt / tr META 
R ng M ; © Stes Pr e R . st . c Heart? 
Specialties * PROCESSING: Process Design, Engineering and Plant 
Services * Process Equipment and Pre re Piping « CONSTE N: ¢ 
crete and Bituminous Paving Machines * Concrete Batching Plant f 
Gratings * AEROSPACE: Fixed and Steerable Antennas * Radio Telescope 
Towers and Special Structures * POWER: Power Plant Specialti« and Valv 
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missiles and rockets, 





610GE is listed by Underwriters’ Labo- 
ratories, Inc. for use in hazardous loca- 
tions Class I Groups A,B,C and D as 
well as Class II Groups E,F, and G 
The CC Dual-Snap switch design pro- 
vides a positive setting and eliminates 
drifting of actuation point due to vary- 
ing temperatures. The CC Dual-Snap 
switch is not affected by pump ripple 
or pulsation. 
Circle No. 239 on Subsciber Service Card 


Surface Resistance Tester 


In instrument which checks cleanli- 
ness of aluminum or other metals prior 
to welding by measuring the surface 
resistance in microhms is available from 
J. W. Dice Co. A low surface resistance 





shows that oxides or other contamina- 
tion have been properly removed and 
that the material should weld properly 
The unit operates on 115 volts, a-c and 
meets Mil-spec 6858-A. The test jig is 
hydraulically operated and its capacity 
range of 0-2000 Ibs. permits duplication 


of the actual pressures used for the 
welding operation 
Circle No. 240 on Subscriber Service Card 


SPDT Relay 


Fast 
resistance over long life are combined 
in a double-throw, reed- 


type relay designated Magnereed Class 


switching and stable contact 


single-pole, 


103, available from Magnecraft Elec 
tric Co. The entire switch element, i0- 
cluding gold SPDT contacts, is her 





Clas 
s 103 MAGNER; : 
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HITCO- 
developed 
fabrication 
techniques 
are 

: now 
providing 
portions 

of 

the 

heat shield 
for 





production 
Atlas 

and 

Titan 

nose cones 








ABLATIVE MATERIALS ENABLE FIRST ICBM NOSE CONE RECOVERY 
This RVX1-5 was the first nose cone to travel full ICBM range and be 
successfully recovered intact. Speeds up to 15,000 mph, temperatures to 
12,000°F, high heat inputs, and high acceleration and deceleration forces 
were encountered. The RVX1-5 was enabled to withstand these severe 
re-entry conditions through the use of REFRASIL' and AVCOITE 


ablative heat shield materials 


H. I. THOMPSON FIBER GLASS CO. Qh. 1733 Cordova Street + Los — 7, Calif. » REpublic 3-9161 





WRITE OR CALL YOUR NEAREST HITCO FIELD ENGINEER EASTERN: Tor mberly, 38 Crescent Circle, Cheshire, Conn 2-6544; Fred W. Muhlenfeld, 6659 Loch 

Mill Rd., Baltimore 12, Md., VA 5-3135. MIDWEST AND SOUTH: Burnie Weddle, 5650 Colton Dr. N.E., Atianto 5, G Phe 255-7804. SOUTHWEST: Morshal! Morr 

2850A W. Berry, Rm. 7, Fort Worth Tex., WA 4-8679. SAN DIEGO: John Ve 9048 Haveteur Way, JU 3-6393. SAC RAMENTO Raymond Cutler, 4411 Surita St. 

¥ 3-7243. CANADIAN PLANT. THE H. |. THOMPSON CO., OF CANADA LTD., 60 Johnston St., Gueloh, Ont., TA 2-6630 

REFRASIL is registered trade mar ¥ HI. THOMPSON FIBER GLASS CO AVCOITE is a registered trade mark of the AVCO CORPORATION 
Circle No. 98 on Subscriber Service Cord 167 


























CONTROL — 
DISPLAY 

SYSTEMS 

ENGINEERS 


The Advance Engineering Division of Lear, In- 
corporated, is further expanding its activity in 
Control-Display Systems research and development. 
Openings are available for qualified systems engineers 
who are interested in, and capable of, designing efficient 
man-machine systems, with particular emphasis on manned 
aircraft and space vehicles. 








MARK IV 


A background in instruments, flight dynam- 
ics, and human performance is desirable. 
















Qualified engineers are invited to 
submit resumes and inquiries to: 


G. E. BROOKS 


Technical & Professional Employment 


LEAR, INC. 


INSTRUMENT DIVISION 


110 IONIA AVENUE, N.W. 
GRAND RAPIDS, MICHIGAN 


‘An equal opportunity employer’ 
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INERTIAL GUIDANCE 


Represents 
one of 
many 
applications 
















to solve 
Alignment 
Problems 
of a highly 
precise 
nature. 


the KERN DKM2 


When equipped with the new No. 356 Autocollimating Eyepiece, 
this famous one-second theodolite has a total magnification of 23x and 
an operating range from zero to at least 100 feet for autocollimation. 











Write for 
technical dato My 
and 
specifications. 


cu 


ern 


Swiss 





The FINEST in SURVEYING EQUIPMENT 
KERN INSTRUMENTS INC. 
120 Grand St., White Plains, N. Y. 


— 
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metically sealed inside a glass capsule 
in an atmosphere of inert gas. The con- 
tacts are actuated magnetically by a 
coil around the glass switch capsule 
The construction is extremely simple 
and the relay is readily adaptable to al] 
kinds of mechanical configurations. 
Circle No. 241 on Subscriber Service Cord 


Waveguide Switch 


A new approach to the internal 
choke design of a waveguide switch has 
enabled NRK Microwave Division of 
Cook Electric Co. to develop a high- 
power miniature waveguide switch 
which is smaller in size yet comparable 
in performance to conventional switch- 








NRK Microwave is 


marketing 
switches of this design to cover the fre- 
quency range from 5.85 to 18 Ge. The 


es. 


X-band switch for use with RG67/U 
guide has a maximum VSWR of 1.10:1 
minimum isolation of 50db and 0.10 db 
insertion loss and 250 KW peak power 
handling capability at 1 atmosphere 
from 8.5 to 9.6 Ge. 

Circle No. 242 on Subscriber Service Card 


Static Frequency Changer 
A 10-KVA, 3-phase, 115/200-volt 


static frequency changer is available 
from Precision Power Division of 
American Electronics, Inc. Operating 


from a 60-cycle 220 or 440-volt source, 
Model 361-102-103 frequency changer 
provides fixed or continuously variable 
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output frequency of 400 + S50 cycles 
and variable output voltage of 115 + 15 
volts. The unit is capable of maintain- 
ing both the output frequency and volt- 
age at any setting to within +1% under 
conditions of changing output load from 
no load to full load and changing input 
frequency and voltage of +5%. Aver- 
age harmonic content is 3% with a 
maximum harmonic content of 4%. 
Y Circle No. 243 on Subscriber Service Card 


Coaxial Isolator Line 
E & M Laboratories is marketing a 

















4 series of lightweight coaxial isolators. 
67 These isolators are lightweight units 
44 which meet MIL specification standards 
38 
24 
88 
45 
36 
51 
55 
7 
61 
10 over a temperature range of —30°C 
63 to 85°C. Standard units are available 
2% in the frequency range of 0.95 KMC to 
; 3.1 KMC. A typical unit is the 2.2 to Spectacular as it is, a Titan take- 
81 2.3 KMC isolator which is 5.0 in. long, : 
weighs a maximum of 6 oz. : off from Canaveral is only one 
3 Pe a ae end of the story. Moments after 
ve the shoot, nine thousand miles 
" D-C Preamplifier downrange, an airborne monitor- 
64 Cohn Electronics, Inc., Kin Tel ing team is alerted to record the 
07 Division, is marketing a differential other end of the story as the re- 
wd d-c preamplifier, floating and narrow- entry vehicle plunges into the 
band, for general use. The Kin Tel atmosphere at 15,000 mph. 
99 459 C/N, with the gain set at 100, Aboard the re-entry monitoring 
00 extends the range of Kin Tel Digital aircraft, a battery of photographic, 
48 voltmeters to 1 microvolt d-c and pro- photoelectric, and radiometric de- 
53 vices captures the dramatic end 
- of the flight. A P.J. instrumenta- 
23 tion tape recorder, operated by 
66 an Avco-Everett Research Labora- 
93 tory monitoring team, is used to 
, , preserve on magnetic tape a pre- 
22 cise record of important radio- 
79 vides stable, accurate amplification of metric and time-sequence infor- 
68 low level input signals in the presence mation...data which is essential 
of high common mode noise and hum in the development of advanced 
- Common mode rejection is 180db for re-entry vehicles and in the 
9 d-c and 130db for 60 cps with up to country's anti-missile program. 
20 1000 ohms unbalance in either signal One reason a P.1. recorder was 
4 lead selected for this program is that 
Circle No. 245 on Subscriber Service Card it provides full-size instrumenta- 
bid tion performance in a fraction of 
92 Ballistic Plate Developer the space. You'll be interested, if 
84 
98 A transportable, Semi-Automatic you record any type of scientific 
Film Developer that can be used in data, in other characteristics of var 
. . . Above Photo of Titan missile re-entry. Below — Recorder 
31 either lab or field work, has been de- Pj. recorders. For details, write Seateliiation ginal tie. quutieaien stunt itn ouidie 
37 signed by Instrument Corp. of Florida for our current brochure. of Avco-Everett Research Laborator 
05 The instrument permits the unloading 
52 of cassettes in daylight, thus eliminating PRECISION INSTRUMENT COMPANY 
8 the need for darkrooms. The compact, 1O1ll Commercial Street * San Carlos + California 
08 lightweight developer features indicator atin LVtell 1-444! : TWX: SCAR BEL SO 
10 lights on panels for visual determination SERVED OF PCRETREE SNIES ETC eae ere weree 
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Come to New York State...where the budget’s in the black 


1,000 
The most stimulating climate for science RESE ARCH CENT your laboratory or research center in 
in America today is in New York State. this invigorating environment. Here 
New research and development centers are go- you'll find the skilled personnel you need right 
ing up at an unprecedented rate. Currently MAKE SCIENCE at hand. The equipment and other facilities 
you must have are here, too. Equally impor- 


there are more than 1,000 such centers at 
work in atomic energy, electronics, commu- BIG BUSINESS IN tant, you’ll be in an area with good schools 


nications, pharmaceuticals, product develop- for your children and exceptional cultural 
mentand other fields. Their work determines NEW YORK STATE and recreational opportunities. 

the future of industrial growth and pros- We will prepare for you ~withe ut cost or 
perity. The 71,000 scientists, technicians and admin- obligation — a confidential survey of proposed plant 
istrative assistants in these centers represent the , sites, selected to fit your needs, Outline your re- 
nation’s greatest concentration of research talent. /, quirements on your business letterhead and 
And it’s enhanced each year as New York’s 170 / send them to Commissioner Keith S. McHugh, 
colleges turn out America’s largest crop of “+ Department of Commerce, Room 2303, 112 
young scientists and engineers. Come, build State Street, Albany 7, New York. 
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Re NATIONAL WATER LIFT COMPANY DIVISION 
Subject: Servo-Valves 


Pitch, Yaw, Roll, Control System / Mercury 
Capsule / Designed / Developed / Produced. 





RS SYSTEMS ENGINEERING DIVISION 
Subject: Thrust Vectoring 


Thrust Vector Control System under Devel- 
opment for Polaris Missile Application. 





Rs INSTRUMENTATION AND CONTROL DIVISION 
Subject: Two-Axis Controller 


Controller for X-Y Coordinates of Two-Axis Control 
System Designed /Developed /Produced for Nortronics 
for Control System of Polaris Submarines 








RS ADVANCED SYSTEMS DEVELOPMENT DIVISION 
—s Subject: Imbedment Anchors/Sea Staple 


Designed / Developed in Family of Sizes with Holding 
Powers 350 / 300,000 Ibs. / Anchor Permits Mooring of 
Variety of Marine Hardware in Precise Locations at any 
Depth of Water _ Mark || and V Anchors now off 
the Shelf 


ABOVE AND BELOW THE WATERLINE 


Technological Ideas / Practical Concepts / Exploratory Research / Devel- 
opmental Design Engineering / Usable Prototype Hardware / Testing / 
Evaluation / Design Engineering for Production / Production 


Thrust Vectoring Systems / Flight Control Systems / Actuation Systems / 
Servos / Gyros / Advanced Air Vehicle Crew Station Design / Special 
Instrumentation Display Systems / Space Vehicle Landing Gear / Accel- 
erometers / Flow Meters / Two Axis Controls / Marine Systems / Ship 
Replenishment Systems / Oceanographic Instrumentation and Surveys / 
Shipboard Handling Equipment / ASW Systems Design and Installation / 
Ship Positioning Systems / Deep Water Mooring / Hydrofoil Design / 
Ground Effect Vehicles / Underseas Systems Engineering / Thermocouples 


PNEUMODYNAMICS CORPORAT N RS 


WASHINGT N, 0.C.cA SUBSIDIARY iF CLEVELAND PNEUMAT NDUSTRIES, INC 
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Mode! 7300 
SECOND ast aluminum receptor 

twin fountain heads 

Jirect automatically 


regulated streams 
nto the eyes 








EMERGENCY EYE-WASH 


Sensitive eye tissue can be destroyed in moments 
Contamination from industrial caustics and chemi- 
cals requires instant first aid . . . and a HAWS 
Emergency Eye-Wash Fountain can mean the 
difference between temporary irritation and perma 
nent injury! Write for your free HAWS catalog 


EYE-WASH FOUNTAINS 
Since 1909 ° 


a product of HAWS DRINKING FAUCET COMPANY 1443 Fourth St., Berkeley 
Circle No. 35 on Subscriber Service Card 








UP TO 20 DECKS 
WITH 160 POLES 


In Precision Instrument Switches — Through 
accurate, automatic alignment with low drag 


This switch 
20%” long 


A Division of 

Sonote 
. S\ 

Incorporated “TC 


503 SOUTH GRAND AVENUE + SANTA ANA, CALIFORNIA 
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of the various stages of development 
process. An adjustable timer permits de- 
veloping from 30 seconds to 7'2 min- 
utes—1I minute for shortstop—up to 15 
minutes for hypo—and 15 minutes to 
an indefinite time for wash. A dryer js 
also incorporated into the unit 
Circle No. 246 on Subscriber Service Card 








Low Level Multiplexer 

A transistorized Multiplexer capable 
of commutating differential or single 
ended input signals from O to + 15 
volts, with a resolution to one micro- 
volt is available from Alpha-Tronics 
Corp. Over variations in source im- 
pedance of 0 to 1|OK ohms and —20°( 
to + 85°C, the offset voltage of the 
Multiplexer does not exceed 50 micro- 
volts and the saturation resistance is less 
than 40 ohms. The unique sequencer 
employed guarantees that two switches 
cannot be gated simultaneously, even 
with a component failure 

Circle No. 247 on Subscriber Service Card 


Cryogenic Level Control 

Powertron Ultrasonics Corp. is mar- 
keting the Sonoswitch, Model UP 1015, 
that affords complete automatic control 
for all cryogenic liquid control applica 
tions. The stainless steel probe in- 
stantly activates when any cryogenic 
liquid touches its sensitive probe sur- 
face. The unit has repeatability within 
thousandths of an inch and is not af- 
fected by clinging droplets. The ultra 
sonic probe, capable of operating at a 
pressure over 2000 psi, does not actuate 
in either foam or froth and requires no 
adjustment for temperature shifts or 
pressure variations 

Circle No. 248 on Subscriber Service Card 


Accelerometer Switch 

For measurements of steady-state ac- 
celeration, Humphrey, Inc. has devel- 
oped the AS3I series Accelerometer 
Switch. The unit offers rapid response 
time to steady-state accelerations to- 
gether with insensitivity to low fre- 
quency vibration This performance 
was achieved by incorporating a high 
damping factor and a low natural fre- 
quency into the design. Reliable oper 
ation over a wide temperature range Is 
ensured by the use of temeprature-stable 
air dampers and flexure suspension 
The AS31 Series of accelerometer 
switches covers ranges of +1G up to 
+50 G's and may also be made for 
even higher ranges 

Circle No. 249 on Subscriber Service Card 


Pulsed X-Ray System 
A multiple pulse X-ray system 
capable of charting the performance ol 
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DS DATA, DOLLARS AND TIME: 


mg Each is a vital factor in the accelerated pro- 


de- 

= gram to increase performance efficiency 

to of missile and aeronautical test facilities. 

aa CompuDyne control systems apply dynamic 
control to critical variables inherent in 

_ aerodynamic structural and other test pro- 

ioie 


gle cedures to promote the output of more 







ho information, in a more useable, valid form 

nics —at a fraction of the time required with 

we costly steady-state systems. 

the 

~ Thus, a CompuDyne control system in a 

aa blow-down wind tunnel integrates precise, 

ven dynamic control of air velocity and pressure 
with a programmed positioning sequence 
of the model being tested. Result: greatly 

var- increased data output per test run. Equally 

Ane effective results have been achieved for 

= many NASA installations using CompuDyne 

nic systems including rocket engine test cells, 

ol structural load test facilities, space environ- 

a mental and sonic test facilities, and missile 

be fuel loading equipment. 

- , be A CompuDyne control system is designed 

"Webs, pre-tested and proven by Computer analy 

is... . built to provide the desired test 

a yprObesS&performance, not\just theinstru 

7 ment performance. CompuDyne guarantees 

nse predictable control system performance... 

fre the most positive guarantee of efficient, 

igh economical test facilities. CompuDyne Cor- 

a poration, Hatboro, Pa. 

ible 

10n. 

eter 

» to 


; of Co m Pp u Dyn e Co r po rati Oo FV manufactures computer-operated automatic control sys- 
tems and related electronic, hydraulic, and mechanical instrumentation for the aircraft, missile, space, and industrial process fields. 
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Need Experience in Lightweight 
and Space Age Metals? 


Look profitably to B & P for vast experience we possess in 
Design—Fabrication—Assembly of Magnesium, Aluminum, 
Titanium, Zirconium, Beryllium—today’s lightweight and 
space age metals. May we prove this experience to you? 


= Write today for your copy of the 
C new 36 page illustrated book- 
~~ let entitled “COUNTDOWN”. 


BROOKS & PERKINS, INC. 
1966 W. Fort Street + Detroit 16, Michigan + Tel. TA 5-5900 
Offices in: New York, Washington, Los Angeles (Long Beach), 

Boston (Cambridge), Dayton, Milwaukee (Waukesha) 61-T-6 











176 Circle No. 40 on Subscriber Service Card 


..- Products and processes 





totally enclosed moving parts is avail- 
able from MB Electronics. The pulsed 
X-ray system was developed by Zenith 
Radio Research Corp. It is being mar- 
keted in the environmental testing field 
by MB. The depth studies now possible 
should be instrumental in developing 
new information and techniques of 
value to the environmental engineer 
The end result should be increased 
product reliability through decreased 
test time and expense 
Circle No. 250 on Subscriber Service Card 


Cycle Counter 


A combination portable unit, de- 
signed for high-speed time interval and 
cycie counting, is available from Astro- 
Space Laboratories, Inc. It uses trans- 
istorized, printed-circuit plug-in mod- 
ules, with a crystal-controlled oscillator 
for stable time base. The TC-1 has a 
self-contained power supply. Input sig- 
nals may be from a photohead or from 
auxiliary sources. Operating range of 
the timer is preset via counter response, 
over a time interval of 999.999 seconds 
in 1 msec. steps. Maximum repetition 
rate of the preset counter is 110 ke, 
with a capacity of up to 999 cycles 

Circle No. 251 on Subscriber Service Cord 


Wire-Fed Torch 


A wire-fed 22-0z. welding torch, 
is available providing significant im- 
provements in maneuverability and 
coolness. Developed by the Westing- 
Arc Department, Westinghouse Electric 
Corp., the straight-through torch, Model 
HT-1 has a rated 100% duty cycle of 
200 amps, and accommodates wire 
sizes from .030 in. to .047 in. It can 
be used with CO, in the reactor and 
spray ranges, and with argon or argon 
gas mixtures in the reactor range. A 
nozzle-seat design allows 360° rotation 
about the handle without using tools 

Circle No. 252 on Subscriber Service Cord 


Nitrogen Level Control 


A system for controlling the level of 
liquid nitrogen in cold traps, and other 
low-temperature vessels, is available 
from Cryogenics, Inc. 

The Cryotrol is designed around a 


> 
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NOTICE TO MISSILE SYSTEM SUPPLIERS 


Any equipments or components you are producing 
for missile weapons systems can be analyzed for 
Radio Frequency Interference by Capehart’s 
INTERDICT* Group. Under our analysis procedures, 
RFI is computer-predicted on finished products, 
prototypes, or preliminary designs. Every item of 
electronic equipment which produces radiated o1 
conducted RF signals is considered a transmitter, 
and every electronic equipment which is subject to 


malfun tion as a result of exposure to conducted o1 


radiated spurious signals is considered a receiver. 





We will make specific recommendations and provide 
design changes to bring your equipment within the 
RFI specifications or inform you if it is already 
within standards. Capehart’s INTERDICT Group per- 
forms this same service for any other type of instal- 
lation, site or system where RFI may be a potential 
problem. Our approach in RFI diagnosis of over-all 
operational requirements utilizing computer pro- 
gramming has been proven on a number of elec- 
tronic equipments, missile systems and military sites 


including Cape Canaveral and Vandenberg AFB. 


* Inte rference De fection and Inte rdiction hy Counterme asures Team 








INTERDICT 
87-46 


GROUP. 


123rd Street. 


Dept 


Rik hmond 
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8. New York * Hickory 1-4400 
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Can a Computer Recognize 


MOON GEOGRAPHY ? 


e Cornell Aeronautical Laboratory's engineers and scientists 
are investigating concepts for computers which can be “taught” to recognize 
patterns, whether those patterns be airfields, gun emplacements, or even 
significant topographic features of the moon. Equally important, some of 
the special purpose computers under development in related areas are 
surprisingly small, yet faster for the task than the speediest general purpose 
computers in use today. These computers use novel delay line storage tech- 
niques to perform computations in real time. Other related computer sciences 
activities include analytical and experimental research in data processing 
techniques, adaptive control systems, and trajectory tracking techniques 


But CAL’s pioneering effort in space technology extends into other areas 


- as well. For example, the hypersonic tunnel facilities are among the nation’s 


most exacting and complete for simulating hypersonic flight in the earth's 
atmosphere. The wave superheater tunnel will produce high temperatures 
for relatively extended periods (up to 15 seconds), while the shock tunnels 
extend CAL’s research and testing capabilities to duplicate orbital re-entry 


for xelatively brief periods (up to 10 milliseconds ) 


Our technical team is also making pace-setting strides in electronic pack- 
aging for payload development, experimental programs for space propaga 
tion research, and wind-shear measurements for launch aid. If you would 
like to know more about the research capability of this not-for-profit 
laboratory write or wire J. J. O'Neil. If you believe you are qualified to join 
the team write Jack Rentschler. 


CORNELL AERONAUTICAL LABORATORY, INC. 
of Cornel/ University, Buffalo 21, New York 
An Equal Opportunity Employer 
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unique upper-lower limit sensor 
mounted in a suitable probe configura- 
tion which may be attached to cold 
traps and process devices. When the 
level of liquid in the cold trap drops 
below a pre-determined lower limit, the 
controller actuates a solenoid valve 
which in turn initiates transfer of liquid 
into the cold trap until the pre-deter- 
mined upper limit is reached. The sole- 
noid control valve is the de-energized 
and the transfer stopped. 
Circle No. 253 on Subscriber Service Card 


Gas Regulator 


Extremely narrow flow to lockout 
band, high reliability, and accuracy over 
broad time lapses have been achieved 
in a gas regulator available from Vinson 
Mf. Co. It is compatible with most 
space fuels and has a temperature range 
from —100°F to 550°F. In a typical 


performance with metal seats, inlet 






' 


. 


pressure range is 200 to 3600 PSIG, 
regulated pressure 87 PSI at 2.0 SCFM 
minimum. Lockout pressure is 104 PSI 
at 0.5 standard cc per minute maximum. 
With soft seats, a typical inlet pressure 
range is 250 PSIG to 4000 PSIG; regu- 
lation is adjustable from 125 to 190 
PSIG; regulated pressure is 183 PSI at 
2.0 SCFM; lockout pressure is 187 at 
0.5 standard cc per hour. 
Circle No. 254 on Subscriber Service Card 


Flat-to-Round Adapter 


An adapter device for interconnect- 
ing flat conductor cable with conven- 
tional round wire is available from The 
Thomas & Betts Co. An addition to 
their line of Pos-E-Flex flat cable con- 
nectors, this round wire adapter sim- 
plifies the introduction of flat cable to 
existing electrical and electronic equip- 
ment wiring systems. The connector 
makes the use of flat conductor cable a 
practical reality for low-voltage control 
wiring, intercom systems and remote 
control wiring. 

Circle No. 255 on Subscriber Service Cord 
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SR. STRUCTURAL DESIGN 


Establish cenfiguration D&D of re-entry 
vehicles, missile & space vehicles includ- 
ing application of new materials; deter- 
mine design allowables and preliminary 
stress analysis. ME or AE plus 8-10 years 
structural design experience, © 


SCIENTIST- 
MANAGER 
PhD Physics 


Applications of lon, Are Jet, 

MHD and Other Advance Engines to 
SPACE PROPULSION SYSTEMS 
One of the most challenging assignments in 
space technology —the application of very 
advanced engines to provide capability 
for space maneuver and deep space pro- 
pulsion. This scientist will lead a small 

group of specialists. Requires doc- 
toral degree in Physics and mini- 

mum of 8 years applicable 
experience, with 2-3 of 

these in electric pro- 


pulsion R&D. 
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| Diversified een in — Ensiacoring 


SYSTEMS DESIGN 
Navigation & Control 
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SYSTEMS ANALYSIS 
Varied Space Systems 
Challer pport ty for e ‘ ti ina lies > op 


eer capable of a re t € space s ‘ rough s 








HUMAN FACTORS §& 


Psychologist, MS, PhD, to solve in- 
triguing man-in-space problems. 
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* te Fs Teg “ian 

© Research A ry 

» I\esearc \ssociate , 

® Interplanetary *F Go 

‘i eg) Senior Staff Consultant @e 

» @nd Lunar Trajectories ~~ ) 
: © for all System Level Experimentation 7 
¥ Conduct analytical and computer a in Electronics for all MSVD programs a 
% studies in applied mechanics, applied — . 

* : : e 5 System problems include: stabi- 

* mathematics, celestial dynamics and ie Dy lization and attitude control of 

et analytical dynamics. Requires PhD ee satellites and re-entry vehicles; 

om ; ‘ Ss <q space/ground communications; 

» in any of the follow ing: Mathematic 3 i asks muntediien aul’ eauiue 

a Astronomy, Applied Mechanics. @ ik mid-course and terminal space- 

¥ eT craft navigation and guidance. 

Sgt St Sel Set et Set et et wo Oe Re i * ae An advanced degree is essential for this 






outstanding opportunity for high level, 
Original work; also a substantial back- 
ground in systems design. Experience in 
radar & communications helpful. 


Se CP ee ea ARTS 


CONSULTANT Space Structures 


Sought: A high colibre engineer/ scientist to advise, recom- 
mend and implement long range programs in space structures 

. able to contribute creatively well beyond current stote 
of the ort. Advanced degree preferred. o 


FE ats ke at dicks < 


MANAGER {dianced Space Power RED 


Thermionics, Fuel Celis, Photovoltaics 












* 

















DYNAMICS 


Determine design adequacy of 
missiles, re-entry and space 
vehicles with respect to ther- 
modynamics, heat transfer and 
aerodynamic heating design 
factors. Conduct parametric 
studies pertaining to configur 
ations; performance of external 
protection and internal cool- 
ing systems. BSME, AE or 
ChE with 3-5 years 
experience e 




















A creative scientist with leadership abilities to guide 
a group responsible for advancing the state of the 
art in the urgent field of power, energy and storage 
systems for spacecraft and satellites. PhD preferred 

advanced degree essential—in Physics, Chemistry 
or Mechanical Engineering with 8 years experience, 
2-3 of these in Space Power. An outstanding oppor- 
tunity for scientific achievement and personal progress. 


















> Simply circle the appropriate let- 
ters of those positions that meet your 
professional interests and qualifica- 
tions, fill in the questions listed below 
—attach a resume if you have one 
handy — and airmail to: 

Mr. Frank Wendt 

Missile & Space Vehicle Department 
General Electric Company 

3198 Chestnut Street 

Philadelphia 4, Pennsylvania 


| am interested in the following position(s) 
Vehicle Engineering aa ee 


ED Oh in cc ctdccdcscndunnnovoceccecen F 
Aerodynamics — Trajectories... ............sesee8- P 
Thermodynamics — Aerophysics...............ss. L 


Systems Analysis 7 Seah eteneecal 
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Space Power & Propulsion PeTTeT rey 
Analog & Digital Techniques 
Life Support 


PROFESSIONAL EXPERIENCE 


(Two most recent or most applicable jobs) 


Company__ 





Position pam oS 
Years of experience (from)____ 
(to). PEE Eee 


Assigned Duties 





Company_ i ee 





Position 





Years of experience (from) 








(to) ___ Salary 
Assigned Duties 














PERSONAL DETAILS 


























i =a — 
Home Address 
City_ State 
Telephone___ 
U.S.Citizen Yes Not 
Education 
Undergraduate 
College 
Degree Year of Graduation 
Graduate 
College 
Degree Year of Graduation 


Position Objective (primary job preference, level 
of responsibility, salary expectations) 
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-_ 
5 years—262% gain v 
HERE’S WHY: MISSILES AND ROCKETS Soe 
was the first book devoted exclusively to the 
missile/space industry .. . MISSILES AND ROCKETS celler 
roac 
fulfilled a need for factual information... Gotan 
MISSILES AND ROCKETS reported the news while it was . 
hot ... MISSILES AND ROCKETS concentrated on satisfying Dl 
the needs of a very specialized group. missil 
belie. 
Editorial excellence and authoritative technical coverage tion | 
account for its phenomenal growth: 9,331 to 33,787 in 5 years. 
As a result, circulation increased 262% and continues to grow 
every week. If you want to reach the people who count, those 
who make decisions in the missile/space industry, the leading Furi 
eer a book is MISSILES AND ROCKETS. ~ 
* Subject to audit editor 
(M/¥ 
that I 
specif 
at Pt 
Boein 
matte 
—— conne 
Pg. 7 editor 
on live V 
@ Mm sci pe partic 
; th 
The missile/space weekly * An American Aviation Publication : — 
1001 VERMONT AVENUE, N.W., WASHINGTON 5, D. C. , . ate 
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(Continued from page 10) 


Saturn Should Succeed 


To the Editor 


Let me congratulate you on your 
Nov. 6 editorial (“Afterthoughts of a 
Saturnalia” ) 


After the recent Saturn shot | feared 
those involved in the project were going to 
wind up with bursitis, a condition brought 
about by patting themselves on the back. 

You are the only editor that I know 
of who has had the guts to write about 
this disgraceful display of self-love and 
self-congratulation. 

I certainly do not, as | am sure you 
don't, want to detract one bit from the 
achievement of those engaged in our space 
activities 

But, on the other hand, I had been 
led to believe that America’s greatest en- 
gineering minds and abilities were engaged 
in this work. Because of this, I expect 
successful shots to be the rule, failures the 
infrequent exception 

William H. Graffis 
Wilmette, Ill 


Electronic Warfare 


To the Editor 
We here at Hallicrafters, who are in- 
volved in electronic warfare, were very 


much impressed with your articles in the 
Sept. 25 M/R covering the electronic war 
fare market. 

We felt that your coverage was an ex- 
cellent job of reporting, and that you ap- 
proached each detail for the present and 
future electronic warfare requirements 
very accurately. 

As you well know, we see a great need 
for electronic warfare equipments in the 
protection of our manned and unmanned 
missiles for the future, and we sincerely 
believe that your articles will draw atten- 
tion to these needs 

Robert F. Halligan 
President 
The Hallicrafters 
Chicago 


Further Re ‘B, B & B’ 


To the Editor 
While we 


Co 


agree with the basics of your 
editorial “On Booze, Blondes and Bashes” 
(M/R, Oct. 23), we are quite disturbed 
that Boeing is the only company mentioned 
specifically in the editorial. I am quite sure 
you would agree that we were perhaps the 
most innocent parties as regards “B, B & B” 
at Philadelphia. While your mention of 
Boeing was in connection with another 
matter, | am afraid that many people will 
connect us with the basic subject of your 
editorial 

We have always taken a very conserva- 
tive view of shows and exhibits and in fact 
participate in fewer than practically any 
other company. You may recall that we 
were the only major company not repre- 
sented at the World Congress of Flight 
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Ask your DuPont Explosive Systems Specialist about: 








MILD DETONATING FUSE 
Protection against RF energy 


This new and unique ordnance device enables you to transmit a uniform, high- 
velocity detonation for unlimited distances — with essentially no risk of damage 
to adjacent components. 

You can get Du Pont Completely Confined Mild Detonating Fuse (MDF) in 
a variety of explosive trains, encased in concentric sheaths of metal, plastic, and 
fiberglas. It is far more insensitive to physical shock and RF energy than conven- 
tional electric systems, but can be easily fired non-electrically. 

The protective jacket shields it against stray elecirical currents such as those 
emitted by radar, radio transmitters or other high energy generators. Thus, 
Completely Confined MDF protects against premature detonation. 

Also, non-electrical firing does away with the need for a source of EMF, 





enabling you to save weight by eliminating batteries. 

Now obtainable with a core load of 2 grains/ft. of either PETN or RDX and 
a detonation velocity of 6,500-7,000 meters/second, Completely Confined MDF 
offers you a fast, reliable impulse transmission medium 

A Du Pont Explosive Systems Specialist is available to help you with your 
ordnance design problems. Just write E. I. duPont de Nemours & Co. (Inc.), 
2446 Nemours Building, Wilmington 98, Delaware. 


WEAPON SYSTEMS 
FUN SPECIALTIES 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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SAY This old phrase has ac- 
WH EN quired new meaning 

as the simple state- 
ment of a vital automatic control problem. 
Some means for timing inter-related oper- 
ations (precisely, repetitively and reliably) 
is essential in a wide variety of advanced 
airborne and space equipments. Here is a 
new light-weight, high-reliability device to 
meet this need. 





Already qualified for critical installations, the new Elgin Micronics 
Repeat Cycle Timer is now applied in many advanced systems. 
The unit, shown here approximately actual size, weighs only 6 
ounces including mounting bracket (not shown) and is available 
for 400 CPS operation at 115 or 28 volts. Pre-set timing cycles 
may range from 30 seconds to 60 days. Additional data on per- 
formance, including detailed specifications and environmental 
ratings, will be furnished on request. 


CINZAMICRONICS 


division of Elgin National Watch Company 366 Bluff City Bivd., Elgin, Illinois 
Plants in Elgin and Rolling Meadows, | and Chatswortt alifornia 
Represented nationally by Airsupply-Aero Engineering Company, a division of The Garrett Corporation 
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... letters 








in Las Vegas. My head is still bloody from 
that one, but I still believe we were right. 
Carl M. Cleveland 
Director of Public Relations 
The Boeing Company 
Seattle 
We did not hesitate to mention Boeing’s 
name because, as we can state from many 
years of experience, Boeing is known and 
respected throughout the industry as one 
of the most firms in this 
regard.—Ed 


conservative 


To the Editor 

We agree completely with the conclud- 
ing paragraph in your editorial. There 
should be fewer meetings, better papers 
and less booze, and it would improve the 
industry image. But this is like being 
against crime and sin and in favor of 
motherhood. Everyone agrees. 

You know there are good advertise- 
ments and good exhibits and even good 
editorials—just as there are bad ones. 
Using overdrawn examples as you have 
done is applying a tar brush to everyone. 

We aren't complaining, either. We were 
just wondering what a “whacking sum” 
for a display is? And why was the Boeing 
display an “obviously” expensive one? 
(Your statistics are a little puzzling, too, 
but a current Fortune article has more to 
say on that subject.) 

The survey by Clapp and Poliak was 
a fine, constructive piece of work. We in 
the exhibit industry welcome such efforts 
toward improvement. Let us have more of 
that kind of material. We, along with such 
reputable concerns as they are, will con- 
tinue working to make our medium live 
up to its ability as the most effective and 
worthwhile selling tool available—as it has 
been for centuries, throughout the world. 

Roger R 
President 
Floats, Inc 
El Monte, Calif 


Tierney 


To the Editor 

Just read your editorial in Oct, 23rd 

issue on “On Booze, Blondes and Bashes” 
. . Congratulations! 

Here’s one small voice crying in the 
wilderness that agrees wholeheartedly with 
you. I've “slept” through many papers. Just 
had to let you know there are other who 
feel the same way about the subject 

Daniel J. Walsh 
Press Relations 
General Precision, Inc 
Tarrytown, N.Y 


To the Editor 
The second and third reading of “On 

Booze, Blondes and Bashes” in your 23 
October issue has convinced me that | 
want to circulate this to several people 
our company who may not have seen it. 
If it isn’t too much trouble please send me 
fifty reprints of that editorial and bill me 
for them 

E. S. Thompson 

Defense Field Operations Dept 

General Electric Co 

Los Angeles, Calif 
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-names in the news— 


Dr. S. Dean Wanlass: Elected president 
of Packard Bell Computer Corp. In addi- 
tion to his new post, he will continue to 
serve as group vice president-Defense and 
Industrial Group of the parent Packard 
Bell Electronics Corp. Other new officers 
named by the board are Kenneth R. Jack- 
son, vice president and director of admini- 
stration; William Seiden, vice president and 
director of manufacturing; and Theodore 
J. Smith, vice president and director of 
marketing. Lowell R. Day continues as 
treasurer and William H. Moore as sec- 
retary 


John F. Jacobs: Named assistant vice 
president—Technical Operations for the 
Mitre Corp. He will share with the vice 
president of Technical Operations the re- 
sponsibility for policy and the active tech 
nical management of Mitre’s many system 
engineering programs. Prior to joining 
Mitre in 1958 Jacobs spent six years at 
MIT in various system engineering assign 
ments in air defense work 


Dr. David J. Mann: Appointed director 
of research of the Reaction Motors Divi 
sion, of Thiokol Chemical Corp., Denville, 
New Jersey. His new position includes re 
sponsibility for directing the total research 
effort of the division, including the devel- 
opment and synthesis of liquid and solid 
propellants 


John B. Lawson: Appointed director, 
administration and manufacturing at Ford 
Motor Company’s Aeronutronic Division, 
Newport Beach, California. He will have 
overall responsibility for such functions as 
industrial relations, finance, public rela- 
tions, manufacturing, facilities, purchasing 
and supporting services. Prior to joining 
Ford in 1949, Lawson was vice president 
of Ferracute Machine Co., and was busi- 
ness manager and controller of Villanova 
University 


Henry J. Fitzpatrick: Appointed man 
ager of contract administration for the 
Vard Division of Royal Industries, Inc., 
Pasadena, Calif. Fitzpatrick was formerly 
associated with the Garrett Corp 


Sidney Minault: Named vice president 
of manufacturing of Dunn Engineering 
Corp., Cambridge, Mass. He came to 
Dunn Engineering earlier this year from 
Northrop Corp. and was previously vice 
president and general manager of the Na- 
tional Research Corp.’s Equipment Divi- 
sion and vice president and general man- 
ager of Tracerlab, Inc. 


Dr. John G. Frayne: Appointed man- 
ager of the Data Systems Department of 
the Marquardt Corporation’s Pomona Elec- 
tronics Division. In this capacity, he will 
be responsible for directing all activities 
relating to the design and development 
of data processing and display systems. 
Frayne has been engaged in the fields of 
electronics and physics for almost 40 years. 
Before accepting a position with Mar- 
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“That new Hamilton 
drafting table makes 
our old equipment 
really seem obsolete!” 


torsion AUTO-SHIFT 


Patent Pending 


Here is a drafting table that combines truly 
imaginative engineering with intimate 
knowledge of today’s drafting procedures. 
Exclusive new torsion bar mechanism per- 
mits smooth, silent fingertip adjustment of 
board tilt. Simple counterbalance adjust- 
ment compensates for weight added to board 
in the form of drafting machines and lamps. 
Flexible reference facilities may be used from 
either side of desk. In addition, space 
economies of up to 35% are possible! 

Write today for full details on the revolu- 


tionary new Hamilton Torsion Auto-Shift. 
Ask for Catalog ADR-623. 





Huntsville, Alabama * 


/ /. 
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r~ : —F 
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New freedom from fatigue 
is built into this table. 


This Torsion Auto-Shift is 
a table you can adjust to 
meet any and every drafting 
need—and do it with effort- 
less finger-light action. 





See the New Hamilton Torsion Auto-Shift on Display at 


SOUTHERLAND BLUE PRINT CO. 
902% Bob Wallace Avenue, S.W. 
Phone JE 6-0708 
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1962 AEROSPACE YEAR BOOK an american aviation publication 
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LAWSON STIFF 


quardt, he was the manager of the Elec- 
tromechanical department of Datalab Di- 
vision of Consolidated Electrodynamics 
Corp 


R. C. Stiff: Named Senior division man 
ager of a new engineering operations divi- 
sion of the Liquid Rocket Plant of Aerojet- 
General Corp. Four divisions have been 
consolidated into the new division, with 
Stiff heading the set-up. He previously 
served as manager of the engineering and 
research division 


Harry W. Burdett, Jr.: Has joined 
American Machine & Foundry Company's 
Government Products Group as manager 
of planning. Prior to his new position 
Burdett was with Thiokol Chemical Cor- 
poration’s Reaction Motors division, Den 
ville, N.J. for 16 years, where he worked 
on long-range technical planning and mar 
ket research for the design of advanced 
liquid rocket systems for spacecraft and 
missiles 


Dr. William T. Clary: Named director 
of systems research in the information 
systems department of North American 
Aviation’s Space and Information Systems 
Division, Downey, Calif. Prior to joining 
North American he held managerial posi- 
tions at Aeronutronic and Hughes Aircraft 
in the electronic systems and aerospace 
systems engineering and analysis areas 


Alfred A. Blanco: Appointed director 
of marketing, plans and proposals, at Page 
Communications Engineers, Inc., a sub- 
sidiary of Northrop Corp. Blanco, who 
has been with Page since 1960, was pre- 
viously associated with U.S. Army and 
U.S. Air Force electronic engineering agen- 
cies engaged in supervising engineering 
activities related to long range communi- 
cations, radar and air navigation systems 
throughout the world 


E. C. Carman: Named to fill a newly 
created position, director of marketing, in 
Avco Corporation's Nashville, Tenn. Divi 
sion. Carman has been with the company 
for 13 years in various positions. Prior 
to joining Avco, he was employed by 
the Consolidated Aircraft Corp., Tucson, 
Arizona 


Everett S. Glines: 
manager of Republic 
tion’s Missile Systems 


Appointed general 
Aviation Corpora- 
Division. Glines, 
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CARMAN 


JACOBS 


who has been with Republic since 1944, 
has filled numerous executive engineering 
positions 


Vaughn R. Chadbourne: Elected presi- 
dent of Air Borne Controls, Sun Valley, 
Calif. He is a leader in the field of elec- 
trical design and will utilize his long ex- 
perience in expanding the company’s capa- 
bilities to keep step with its rapid growth. 
Chadbourne will also remain as chairman 
of the board of Electronic Sealing Inc. of 
Sun Valley 


William I. Switzer: Named vice presi- 
dent of Astrometrics, Inc., Santa Barbara, 
Calif. Backed by extensive experience with 
Arnoux Corp., North American Aviation 
and Chance Vought Aircraft, he joined 
Astrometrics in 1959 


F. R. Zatlin: Named director of pro- 
gram management at Ewen Knight Cor- 
poration, with the responsibility of over-all 
management of both contract programs 
and independent projects initiated by the 
company. He was formerly director of en- 
gineering and vice president of Johnson 
Flectronics 


Donald W. Chrisman: Appointed direc- 
tor of planning for the Martin Electronic 
Systems and Products Division, Baltimore. 
He will be responsible for the division's 
operational and long-range planning. Chris- 
man has been with Martin since 1948. 
Previously, he was with the Farnsworth 
Television and Radio Corp. and has been 
with the Federal Bureau of Investigation 


Norman F. Svendson: Appointed to the 
newly-created position of associate man- 
ager of the Support Systems Department, 
Engineering Mechanics Lab of Space 
Technology Laboratories, Inc. Svendson, 
formerly head of the department’s 
Launcher Systems Section, has been with 
STL for five years 

Gustave A. Linenberger: Named vice 
president and general manager of Aero- 
jet-General Nucleonics, a subsidiary of 
Aerojet-General Corp. Robert Gordon was 
named vice president and technical direc- 
tor of the company. Linenberger has been 
with AGN since 1956, serving as associate 
technical director and assistant manager of 
engineering. Prior to joining AGN, he par- 
ticipated in early design and operation of 
Project ROVER experiments 
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A MESSAGE FROM KEARFOTT 

TO EMINENT SCIENTISTS 

who have received their doctorates, 
are specialists in gyroscopics or 
inertial guidance and have 

spent 8-10 years in in- 

dustrial, academic 

or government 

research. 


ANNOUNCING 

A NEW RESEARCH 
CENTER (OR THE 
AEROSPACE 
SCIENCES 


Your interest is enlisted in a new 
scientific community entirely con- 
cerned with scientific and technical 
investigations; totally divorced 
from administrative or develop- 
ment duties. 








Studies will be related as closely 
as possible to urgent needs of gov- 
ernment agencies, determined 
through personal consultation with 
their representatives. Particular 
(but not exclusive )emphasis will 
be placed on problems bearing on 
navigation, guidance and control 
of upper atmosphere, space and 
undersea vehicles, areas where 
Kearfott has long held a leader- 
ship position in the development of 
systems and components. 


A PRINCIPAL STAFF SCIENTIST 
IS SOUGHT who will initiate and 


guide his own research and whose 
experience is sufficiently broad to 
provide technical direction to other 
men in a plurality of the following 
areas: 

@ GYROSCOPIC THEORY & TECHNIQUES 
Including Advanced Concepts for Vertica! 
Gyros, Gyro Compasses, etc 

® MULTIBODY NAVIGATION PROBLEMS 
Including Error Analysis of Free Space 
& Terrestrial Systems; Conversion from 
Inertial to Earth Reference Coordinates; 
Inclusion of Gravitational Acceleration; 
Celestial Navigation for Period of Time 
Longer than Schuler period; Introduction 
of Corrections obtained by Automatic 
Star Tracking into Inertial Systems; Mo- 
tions of Solar Systems Affecting Inertial 
Navigation 





> If you are interested in being one 
of the outstanding scientists from 
many fields of science who will 
form the nucleus of the new Re- 
search Center, write in confidence 
to Dr. R. C. Langford, Director of 
Research. 


An Equal Opportunity Employer 
KEARFOTT DIVISION 
GENERAL PRECISION. INC 


Dept. 88/1150 McBride Avenue 
Little Falls, New Jersey 
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| SELF-SUPPORTING 
HURRICANE-PROOF* 


VESTO 


STEEL COMMUNICATION 


TOWERS 


For that RUSH Project 
10 SIZES IN STOCK! 
22 feet to 100 feet 


Shipped Same Day in 
Compact Bundles 


VESTO TOWERS 


| ARE IN USE THE WORLD OVER! 
















__ @ Hot dip galvanized steel 

© Self-supporting—no guy wires 
© Ladder to safety platform 

on top 
© Erection is fast and easy 


" *VESTO TOWERS 
heave withstood hurricanes for 
many years — without o single 
failure! 











MODEL YHP_100 
1OO-FT Size 
WRITE OR CALL TODAY 


M. B. Magers 
BAltimore 1-3322 


20th and Clay Street 
North Kansas City, Missouri 
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VESTO COMPANY, INC. 










Locate 


Activity 






In the Center of Industrial 


re 





The welcome mat is out for you 
in bustling, beautiful Lakeland. In the 
heart of Florida’s electronics belt, 
Lakeland is between Cape Canaveral and 
MacDill AFB on new Interstate 4. 

This thriving industrial area has everything 
. plenty 
adequate power and 


you need: excellent sites . . 
of skilled labor .. . 


water . . . and ideal living conditions. 


Get the full story on Lakeland now. 


Write, in confidence, to: 


C. B. Myers, Jr., Industrial Chairman 
LAKELAND CHAMBER OF COMMERCE 


LAKELAND 


FLORIDA 
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—when and where——— 


DECEMBER 


Annual International Visual Communica- 


tion Congress, cosponsored by Society 
of Reproduction Engineers, American 
Institute for Design and Drafting and 
the American Records Management 
Association, Biltmore Hotel, Los An- 
geles, Dec. 2-5. 


National Aerospace Support and Opera- 


tions Meeting, sponsored by Institute 
of the Aerospace Sciences, San Juan 
Hotel, Orlando, Fla., Dec. 4-6. 


19th Annual Electric Furnace Conference, 


the Metallurgical Society of AIME, 
Penn-Sheraton Hotel, Pittsburgh, Dec. 
6-8. 


Eastern Joint Computer Conference, spon- 


sored by IRE-PGEC, ATEE and ACM, 
Sheraton Park Hotel, Washington, 
D.C., Dec. 12-14. 


Annual Meeting, American Association for 


Advancement of Science, Denver, Dec. 
26-31. 


Annual Meeting, American Statistical As- 


sociation, Roosevelt Hotel, New York 
City, Dec. 27-30. 


JANUARY 


8th National Symposium on Reliability 


and Quality Control, Statler-Hilton Ho- 
tel, Washington, D.C., Jan. 9-11. 


National Plant Engineering and Mainte- 


nance Show and Conference, Conven- 
tion Hall, Philadelphia, Jan. 22-25. 


Solid Propellant Rocket Conference, ARS, 


Baylor University, Waco, Tex., Jan. 


24-25. 


FEBRUARY 


Western Electronic Week and Pacific Elec- 


tronic Trade Show, Las Vegas and Los 
Angeles, Feb. 3-11. 


Winter Convention on Military Electronics, 


IRE, Ambassador Hotel, Los Angeles, 
Feb. 7-9. 





MISSILE CONTRACTORS 


We are prepared to meet your 
building and plant requirements in 
the Florida area. Plants ready for 
immediate occupancy or can build 
to your specifications. Excellent lo- 
cations available. Speed and quality 
of construction our trademark. Ar- 
chitectural, structural, 
and electrical engineering, and con- 
struction one coordinated 
management to insure quality and 
speed. Liberal financing or lease 
information 


mechanical 


under 


available. For write, 


wire or call 


INNANEN BROS. 
CONSTRUCTION CO. 
P.O. Box 6087 
Orlando, Florida 


Member of the Associated General 


Contractors of America 
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LOOKING FOR 
CONTROLS? 


Turn to section 2200 
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M/R BUSINESS OFFICES 


Washington 5, D.C.—1001 Vermont Avense, 
NW; STerling 3-5400 
Craig L. Mason, Director of Research 


New York 17, N.Y.—20 East 46 Street; 


YUkon 6-3900 
Paevl 8. Kinney, Eastern Advertising 
Manager 


Paul N. Anderson 


Beverly Hills, Callfornio—8929 Wilshire Bivd.; 
Oleander 5-916! 
Ronald L. Rose 
Edwin J. Denker, Jr. 


San Francisco, Californic—859 The Dalles, 
Sunnyvale; RE 6-4017 
James W. Clear 


Detroit 2, Michigan—412 Fisher Bullding; 
TRinity 5-2555 
Michael Rouff 


Chicago 2, Iilinois—139 N. Clark St.; Central 
5804 


R. Lenn Franke, Jr. 


Dallas 24, Texas—222 Wynnewood Profes 
sional Building 
John L. Hathaway 


Miami, Fiorida—208 Almeria Ave., Coral 
Gables 


Richard D. Hager 


London, W.1., England—28 Bruton Street; 
Grosvenor 8356 
Norall and Hart 


Geneva, Switzeriand—10 Rue Grenus; Geneva 
321044 


Paris, France—11 Rue Condorcet; TRU 15-39 


Fronkfurt /Main, 
Ebert-Anlage 3 


West Germany—Friedrich- 
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——+ontracts 


AIR FORCE 

#15,380,000—Thiokol Chemical Corp., Bristol, 
Pa. for stage 1 engines and related equip- 
ment for Minuteman ICBM. 

#3,725,000—-General Dynamics Corp. for Atlas 
missile trainers and for continuation of 
design, development and fabrication of 
the Centaur booster. (2 contracts) 

$3,649,440—General Electric Co., West Lynn, 
Mass. for missile trajectory measurement 
system. 

$3,068,000 American Bosch Arma _ Corp., 
Garden City, N.Y. for Atlas missile guid- 
ance sets. 

$2,123,330—Aveco Corp., Wilmington, Del. for 
development, fabrication and test of de- 


coys for the Nike-Zeus target support 
program 
#2,000,000—-Aerojet General for additional 


work on the Minuteman engine 

$1,200,000 — Douglas Aljircraft Co., Santa 
Monica, Calif. for production of ground 
equipment for Skybolt missile. 

$327,000—-Thompson Ramo Wooldridge, Los 
Angeles, for electronic equipment to be 
used in a system to assist in making com- 
mand decisions 

$300,000—-Cohu Electronics, Inc., San Diego, 
Kin Tel Division, for closed-circuit tele- 
vision systems for the Titan ICBM. 


$89,.255—B. D. Collins and Charles Fletcher, 
Lompoc, Calif. for modification of 75-1 
complex pad No. 1 at Vandenberg AFB 


#79,996—-Cornell Aeronautical Lab., Inc., Buf- 
falo, for continuation of research studies 
of high-temperature phenomena in hyper- 
sonic flows 

$57,585—Technical Operations, Inc., Washing- 
ton Research Office, D.C., for study to 
determine preliminary estimates of the 





Ours Is A 


SIMPLE STORY 


about parts and shapes for Aircraft, Missiles, and Rockets. 


© If the shape is compound or complex 


® If the tolerances are tight and dimensions precise 


is expensive or tedious 


data flow and machine requirements for 
processing Project VELA uniform data 

$35,640—-Stanford University, Calif., for con- 
tinuation of studies in hypersonic flow 
theory. 

$33,694—-Adcole Corp., Cambridge, Mass., for 
design, construction and testing of por- 
tion of payload for Nike-Cajun type re- 
port 


ARMY 


$4,542,226—Bendix Systems Div., Ann Arbor, 
Mich., for Advent satellite communica- 
tion system modification. 

$2,712,401—Raytheon Co., Lexington, Mass., 
for marine concurrent repair parts, Hawk 
missile system. (3 contracts). 

$818,000—Fairchild Stratos Corp., Hagerstown, 
Md., for long range drone surveillance 
system 

$197,000—Raytheon Co., Missile and Space 
Div., Bedford, Mass., for study of radar 
echo characteristics. 

$133,000—General Instrument Corp., Thermo- 
electric Div., Newark, NJ., for R&D to 
result in the fabrication of one experi- 
mental model and three development 
models, including manufacturers draw- 
ings and final technical report, of thermo- 
electric generators. 

$93,829—-Texas A&M Research Foundation, 
College Station, Tex., research for the 
continuation of work on the basic con- 
tract for improving, evaluating and ex- 
tending the capabilities of a model of a 
meteorological simulator 


NAVY 
$1,500,000—-Sperry Gyroscope .Co., Syosset, 
Long Island, N.Y. for support and train- 
ing equipment and services in connection 





If fabrication or assembly by available techniques 


UNCHALLENGED LEADERSHIP 


® If finish is required without subsequent finishing 


You should investigate 


ELECTRO-FORMING 


REGULATED POWER SUPPLIES 


and when you do, consider 


THE ELECTROFORM CORPORATION 


Write For 


Connecticut Avenue, South Norwalk, Connecticut 


Specialists in electrolytic manufacture of 
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Semiconductor Devices 


MILITARY 
GROUND ® AIRBORNE ©® SPACE 


Complete Catalog 
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with navigation subsystems for ballistic 
missile submarines 

$709,000—Edward R. Marden Corp. Brookline, 
Mass. for additional Polaris navigation 
and fire control system overhaul, Ports- 
mouth Naval Shipyard, N.H. 


$266,000—B. F. Goodrich Aerospace and De- 
fense Products, Akron, Ohio for produc- 
tion of solid fuel motors for the Loki 
atmospheric sounding rocket 


MISCELLANEOUS 


$2,800,000—-Hughes Aircraft Co., Culver City, 
Calif. from Raytheon Co. for work on 
ARPAT. 


$2,400,000—Avco Corp., Lycoming Division, 
Stratford, Conn., from Thiokol Chemical 
Corp. for rocket motor cases for the Dyna- 
Soar Program. 


$1,500,000—Beckman Instruments, Inc. from 
North American Aviation for electronic 
units to be used in the Minuteman check- 
out system 


$1,000,000—Gulton Industries Inc., Metuchen, 
N.J. from Martin Co. for instruments and 
systems for the Titan 1] ICBM program. 


$839,845—ITT Communications Systems, Inc., 
Paramus, NJ. from the Defense Com- 
munications Agency for preparation of a 
simulation model of the Defense Commu- 
nications System 

$600,000—Consolidated Electrodynamics Corp., 
from Hughes Aircraft Co., for development 
of miniature, seven-channel tape record- 
ers for the seven Surveyor spacecraft. 


$405,651—Pacific Semiconductors, Inc., Haw- 


thorne, Calif. from North American Avia- 
tion for silicon diodes for use in the in- 
ertial guidance system of the Minuteman 
ICBM 





in the application of 


for 


@ INDUSTRIAL © LABORATORY 





1700 SHAMES DRIVE 
WESTBURY, tL. t., N. Y. 
EDgewood 3-6200 Areo Code 516 
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Te aT 


JUST PUBLISHED! 











16 FACT-FILLED PAGES 


describing 


Preuma-Cup 


HANDLING 


A unique concept 
developed for 


SATURN 
POLARIS 


NUCLEONICS 


and numerous other 
fields. 








write for your copy to 





THE PRESRAY CORP. 
PAWLING, N.Y. ULysses 5-9171 


WEST COAST: Pneuma-Grip Western, Palo Alto Indus- | 
trial Park, Palo Alto, Calif DAvenport 1-2100 | 
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AC—tThe Electronics Div.— 


General Motors Corp.. 155 
Agency—D. P. Brother & Co. 
Advanced Technology Labs. 65 


Agency—Hal Lawrence, Inc. 
AiResearch Mfg. Co., Div.— 
The Garrett Corp. 98 
Agency—J. Walter Thompson Co. 
Air Products & Chemicals, Inc. 22 
Agency—Robert Conahay, Inc. 
Air Reduction Sales Co., Div.— 
Air Reduction Co., Inc. 20, 21 
Agency—G. M. Basford Co. 
Allegheny Ludium Steel Corp. 


126, 127 
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Maybe connectors were “hardware” 
twenty years ago. 

That's when the P-38 was the hot- 
test fighter plane we had. Pilots were 
proud when they could hit 300 MPH 
and go up to 50 or 60 thousand feet. 
With this kind of performance require- 
ment, most connectors worked without 
a hitch. You just connected them and 


forgot about them, like nuts and bolts. 


HOW TIMES HAVE CHANGED 

Now we're up around Mach 5 and 
altitude has been pushed into outer 
space. Nose cones light up like giant 
soldering irons and components have 
to operate in a near vacuum. 

Fortunately, Amphenol engineers 
saw that the old “hardware” concept 
was headed out the window. Programs 
coming up were going to need con 
nectors that could put up with terrific 
environmental conditions of heat and 
altitude cycling. For example, at high 
temperatures most of the elastomers 
used as insert materials or connector 
seals either melt into a puddle, turn 
into a cinder, or set-up and lose com- 
pression. 

What's more, connectors now have 
to keep on functioning all the time, 
with no allowance for failure. So— 
Amphenol designers went to work de- 
veloping a connector to meet the new 
space-age standards. 

DISSECTING MOLECULES 

The Amphenol Materials Lab, with 
the help of a shiny new infra-red 
photospectrometer, began dissecting 
elastomer molecules. They were able 





Hardware? 


to pinpoint the weak spots in molec- 
ular structure where breakdowns begin. 
Then they were able to plan and build 
new molecules, with built-in “armor 
to protect against failure. Result: an 
exclusive silicone rubber compound 
that maintains its integrity and elastic 
ity under severe temperature extremes 
and also withstands exposure to vio- 
lent new propellants like hydrazine 


and nitrogen tetroxide. 


At the same time, Amphenol design 
engineers were hard at work perfect 
ing metal-to-metal shouldering of mat 
ing shells that allowed precision con 
trol over compression of the sealing 
ring. In addition, the metal-to-metal 
design damped vibrational stress nine 
times more effectively than resilient 
damping. Finally, they incorporated a 
semi-rigid anti-deflection disc to control 
insert expansion under thermal stress 

Having all the pieces, we put them 
together, called it the Amphenol 48 


Series, and started testing. In the vacu 





High altitude air has low dielectric strength 
By maintaining an air-tight seal 48 Series 


Connectors enjoy extremely high voltage 


safety factors 


um chamber, 48 Series connectors 


operate very nicely at a simulated 


altitude of 500,000 feet. They are quite 
comfortable in the hot box at 200°C 


ambient, carrying full rated current 


They don't even mind 


600°C, if they don't have to stay 


going up to 
too 
long. In short, Amphenol 48's can take 


almost anything you throw at them. 


PROJECTS WANTED 

Amphenol designers have estab 
lished criteria for determining connec 
tor time-temperature-current capability 
This information will be especially val 
uable to engineers presently engaged 
in “exotic” projects, perhaps the kind 
of project where previous connectors 
have failed to measure up to the new 
space-age standards. If this is the case, 
contact an Amphenol sales engineer. 
He's a “space-age hardware” expert. 
Or, write directly to Bob Dorrell, Vice 
Engineering, Amphenol 
1830 South 54th 


President 
Connector Division 


Avenue, Chicago 50, Illinois 





While Amphenol 48 Series Connectors are 


nominally rated at 200° C, they can also 


withstand considerably higher short-time 
temperature exposures 
Amphenol 48 Series Meets M 26500 (USAF). 


’AMPHENOL! Connector Division / Amphenol-Borg Electronics Corporation 


Circle No. 104 on Subscriber Service Card 











NiV OF 
TT GE&i 
NN ARBOR 





2° 15-114 

















IT'LL. NEVER GET OFF THE GROUND 


VARIAN 


Circle No. 105 on Subscriber Service Card 








